, BO  146  701 

I 

TITLE 

INSTITUTION ' 

SPONS  AGBNCJf 
*P0B  DATE 
NOTE  ■^■•-t 
AVAILABLE  FBOH 


DOCOHENT  BESOME 

s 


EI  010  107 


EDBS  PBICE 
DESCRIPTORS 


Solar  Heating  and  Cooling  o$  Residential  Buildings: 
Sizing,  Installation  and( Operation  of  Systems.  , 
Colorado  State  8niv,,  Ftl' Collins.  Solar  En-ergy 
Application/  Lab. 

department  of  Commerce,  Bashington,  D.C. 
Odt  77-  * 
591p.;  For,  a  related  document,  see  E.A  010  108 
Superintendent  of  Documents,  O.S.  Government  Printing 
Office,  Washington,  D.C-  20402 "  (Stock  No. 
003-011-00085-2;  $7.00)  * 

MF-S1.16  HC-$31.47  Plus  Postage. 
Air  Conditioning;  Building  Improvement;  *Building 
Systems;  Climate  Control;  Cost  Effectiveness; 
•♦Curriculum;  *Educational  Programs?  Energy 
"conservation;  Heating;  *fiousing  Industry; 
Illustrations;  Life  Cycle  Costing^  Mechanical 
•  -  '     Equipment;  *Performance  Specifications;  *Solar 

'  Radiation;  Standards;  Storage;  Worksheets 

*  «  ' 

iBSTRACT         •  a  ^ 

•This  training  course  and  a  companion  course , tilled 
"Design  cf  System^  for  Solar  Heating  and  Cooling  cf  Residential 
Buildings, w  are  designed  to  train  home  designers  and  builders  in  the 
fundamentals  of  soiar  hydronic  ai^  ait  systems  for  space . heating  a&d 
cooling  and  domestic  fcot  water  heating  for  residential  buildings* 
Each  course,  'organized  in  22*  modules,  provides  44  hoars  of  ,(r 
instruction.  The  modularized  structure  of  the  training  courses  ■ 
provides  considerable  latitude  in  organization  and  presentation,  . 
especially  * with  regard  to  the  time 4  period  over  which  the  course  cquld 
be  presented.  Included  in  each  course  are  directed  periods  for 
computational  practice,  inspection* of  working  systems,  and  ^hands-on" 
experience  with  models.  Course  standards  and  needs  were  developed  by 
interacting  with  architects,  engineers,  builders,,  contractors,  and 
ipstallers  of  heating;  ventilating,  and  air  conditioning  systems  in 
residential  buildings,  from  the  standards  and  needs,  objectives  for  ^ 
the  course  were  developed  and *the  curricular  materials  prepared. 
(Author/HLP)  * 
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PREFACE 

The  primary  purpose  of  this  training  course  is  to  develop  the  capability  , 
of  practitioners  in  the  Home  Building  industry  to  Size,  Install  and  Operate 
Solar  Heating  and  fooling  Systems  for  Residential  Buildings.    The  goal  i§ 
to  Jifcve  this  course  implemented  nationwide  to  train  practitioners  in- the 
requisite  skills  to  integrate  solar  energy  systems  into  residential  buildings. 

Recent  estimates  indicate  that  a  substantial  amount  of  domestic  space  and 
water  heating  in  the  United  States  will  be  accomplished  by  solar  energy 
in  the  near  future.    However,  significant  implementation  can  only  be  achieved 
if  substantial  capabilities  are  created  among  the  professions  and  trades  . 
in  the  building,  industry  to  install  solar  systems. 

This  £ycfhning  course,  and  a  'companion  course  titled  Design  of  Systems  for 
_Solar  Heating  and  Cooling  of  Residential  Buildings,  are  courses  to  train' 
home  designers  and 'builders  in  the  fundamentals  of  solar  hydronic  and  air'systems  y 
for  space  heating  and  cooling  and  domestic  hot  water  heating  for  residential 
,buildings.    The  modularized  structure  of  the  training  courses • provides  , 
considerable  latitude  in  organization  and  presentation,  especially  with*r.. 
jegard  to  the  time. period  over  which  the  course  could  be  presented.    At  * 
Colorado  State  University,  the  course  is  'presented  in  five  continuous^days , 
but  a  longer  period  of  time  utilizing  evening  hours  could  be  used  just  as 
effectively".    The  structure  also  provides  for  verification  that  participants 
have  achieved  -anticipated  levels  of  understanding. v  At  CSU,  .validation  is* 
in  the  form  of  daily  evaluations  by  the  participants  Especial ly  with  regard 
to  material  content  and  methods  of  presentation.    This  Instructors  infract 
and  respond  to  the  eval uations  and  alter  their  methods  of  presentation  to  c 
meet  the  needs  of  particular  groups  of  trainees. 

COURSE  DEVELOPMENT'  ' 

*  •  «  * 

This  training  course  wcis  developed. by  the  staff  of  the  Solar  Energy "Appl i ca- 
tions Laboratory  and  vocational  education  specialists  at'Colorado  State-' 
University  in  cooperation  with  the  NAKB  Research  Foundation Inc . ,  Rockville, 
Maryland.    A  national  advisory  committee  was^  est^bl  ished  ^to  provide  advice  ' 
and^general  guidance  to,  the  project  staff  regarding  direction  and  content 
of  the  training  courses.    The  committee  members 'are  from  various  sectors* 
,of  the  home-building  industry,  and  also  teachers,  architects,  engineers  and 
representatives  from  governotental  a.geYicies.  -  V 

%In  determining' cuirHcylum  content*  a'rigorous  procedure  was  followed  to  \ 
develop  course  standards  and  needs  by  interacting4 with  architects,  engineers, 
k  builders,  contractor^,  and  installers ' -qf  heating,  ventilating  and  air 
conditioning  systems  in  residential  buildings.*  From  the'standards  and  '/ 
needs,  objectifies  for. the- course  were  developed  and  the  curricular  matet^ls 
were  then  prepared.  ^  '  '':  4 


«  ABOUT  THE  AUTHORS  '  .  N 

This  manual 'for  the  train ingr course  was  prepared  wi'th  the  cooperative  efforts 
of  many  people  under  the  organizational  efforts  of  Dan  S.  Ward,    The  program 
for  development  of  both  the  Design  and  the  Installation  courses  was  directed 
by  Susumu  Karaki  with  GeoVge  0.  G.  Lof  as  senior  advisor.    The  authors  of  • 
this  manual  have/  individually  and  collectively,  considerable  experience 
in  .the  de.sigo>  installation,  operation  and  maintenance  of  solar  systems  for 
space  heating  arid  cooling  and  domestic  hot  water'heatinq.    A  short  biographical 
sketch  of  the  authors  and  their  contributions  to  the  manual  are  hereafter 
described. 

Dan^S.  Ward  --  Dr.^Ward  joined  the  staff  of  the  Solar  Energy  Applications 
Laboratory  at  Colorado  State  University  in  1973  and  presently  serves  as 
Assistant  Director  of  the  laboratory  as  Welles  Assistant  ProfessoV  of  Ci~vi1 
Engineering,  and  Physics*.    Since  1973  he  has  conducted  research  in  solar 
heating  and  cooling  systems,  'and  has  taught  courses  in  solar  energy  applica- 
tions/ .  n  i  .  / 

Dan  Ward  has  considerable  experience  with  solar  heating  and  cooling  systems 
including  supervision  of  design,  construction  and  installation  of  the  solar 
systems  in  three  Solar  Houses  at  Colorado  State  University.    He  is 
chairman  of  the  ASTM  subcommittee  on  development  of  standards  for  testing 
solar  energy  systems,  and  has  published  many  papers  and  wri tten  several 
reports  on  heating  and  cooling  systems. 

Prior  to  'joining  the  CSU  faGulty,  he  was  a  home  building  contractor  in 
Houston > »Texa$, and  this  experience  in  addition  -to  his  knowledge  of  solar  • 
systems  has  proved  to  be  very  valuable,  especially  with  regard  to  this 
training  course.  J  % 

Besides  organizing  and  directing  the  "development  of  this  training  Course, 
Dr.  Ward  also  had  principal  responsibility  for  the  preparation  of  the 
•following  modules  of  the  manual:    Module  3,  Introduction  to  Solar  Heating 
and  Cooling  Systems;  Module  12,  Operations  Laboratory;  Module,  19,  Scheduling 
of  Solar  Installations;  Module  22,  Future  Prospects  for  Solar  Heating  and 
Cool ing  Systems .  '  >» 

* 

Susumu  Karaki       Dr.  Karaki  has  been  a  member  of  the. faculty  at  Colorado  State 
UnT^TsTty  for  the  past  19  years.    He  is  Associate  Director  of  the  Solar 
Energy  Appl  ications  Laboratory  and  Professor  of  Civi'l  Engineering.  Being 
involved  in  solar  energy  research  since  1973,  he  has  directed. a  number  of 
research- projects  'in  solar  energy  utilization.'  Susumu  Karaki  has  served 
on  several  committees  of  the  International  So]pY  Energy  Society,  and,  has 
been'a  member  of  U.S.  teams  for  international  information  exchange  on  solar 
energy  utilization.    «,  /. 

In  .addUipn^to  directing  the  activity  for -development  of  the  two  training/; 
courses-,  Dr.  Karaki  was  principally  Responsible  fof:  Module  2,  Course  / 
Orientation;  Module  9,  Solar  Cooling  Systems;  Module  15,  Syst^rfi  Economics; 
Module  16,  Solar  Sizing  Calculations.  ,         "  / 


George  O.G.  Lflf      Dr.  Ltif  ha<s  specialized  in  solar  energy  utilization  for, 
over  thirty  yeafs.^and  pioneered  in  the  development  of  solar  heating  and  cool- 
ing systems.    As  Director  of  the  Sol^r  Energy  Applications  Laboratory,  he  is 
responsible  for  the  considerable  progress  made  in  development  of  solar 
systems  at  Colorado  State  University  and  elsewhere.    His  accomplishments  * 
have  earned  him  worldwide  recognition  and  among  his  many  -awards,  is  the 
Lyndon  Baines  Johnson  award  for  outstanding  service  to' 'mankind. 


George  Lttf  served  as  chairmao\of  the  advisory  committee  that  guided  the  . 
development  of  these.  praeticalVcourses  and  was  senior  advisor ^o  the  staff. 
Additionally,  he  prepared  the  following  mbdules:    Module  7,  Service  Hot 
Water  Systems;  (<todule/21,  Buyers  Guide.        -  •  - 

Charles  C.  Smith  A  'Mry^Smith'.s  background  experience  includes  design  and 
installation  of  jk  v^-nety  of  solar  heating  and  cooling  systems,  for  various 
sized  bui 1  dings,  sfte  was  involved  in  the  design,  installation,  and  operation*  — 
of  the  loqui<0>eating  solar  system 'in  CSU  Solar  House  I,  air-heating_solar 
system  for*  a^chool  building,  a  small  scale  residential -greenhouse' combination 
structure^/and  a  heating  system  for  a  fish  hatchery.    The  variety  of  solar 
systems/wth  which  he  has  been  associated  includes  those  for  agricultural 
uses  and'food  processing  applications. 

arises  Smith  was  principally  responsible  for  the ^preparation  of  the  following 
fhodyles  i-n  this  manual:    Module  6, 'Thermal  Storage  Subsystems;  Module  8,  - 
So^ar  Space  Heating  Systems;  Module  10,  Solar  Heating  and  Cooling  Systems;- 
ftfodule.  18,  Retrofit  Considerations.    Additionally,  he  participated  sigQifi-^7" 
earthly,  in  preparing  Module  7,  Service  Hot  Water  Systems;  Module  11,  Control 
Subsystems.  * 

/Z 

MiQhael  Z.  Lov^en stein  ~  Dr.  Lowenstein  is  Professor  of  Chemistry  at  Adams. 
State  College  in  Alamosa,  Colorado  and  has  specialised  in  energy  education. 
He  serves  as  consul tantyto  the  Energy  Research  and  Development  Administration 
in  the  public  information  program  on  energy  in  the  State  of  Colorado.  During 
his  sabbatical  -leave  from  Adams  State  College,  he  served  for  one  year  at 
Colorado.  St  cite  University  and  participated  in  the  preparation  "of  this  training 
manual.  ,  Mike  Lowensteip's  principal-  contributions  are:    Module  1,  Energy 
Problem;  Module  4,  Solar  Radiation;  Module  1??  Cost  Effectiveness  of  Energy 
Conservation;  Module  20,  Constraints  and  Incentives.  •  — 


C.  Byron,  Winn      Dr.  Winn  is  Professor  of  Mechanical  Engineering  and,  has  be 
actively  in  vol  ved  in  .solar  heating  and  cool ing  ,  systems  since  1973.    He  has 
„designedand  installed  both  liquid  and  air-heating  sol  ai^-sys  terns  /in  seven" 
residences,  and  thereby  has  gained  considerable  practical  Experience.. 

Byron*4Winn  organized  and  directed  the  development  of  a  training  course  for 
Design  of  Systems  for  Solar  Heating  and  Coaling  of  Residential  'Buildings, 
whichtis  a  companion  course  .to  this^one.    His  principal  contributions  to  this 
manual4  are:    Module  1 1  r  Control'  Subsystems  and  Module^! 2,  Operations  Laboratory. 

Milton  Ej  Larson  —  For*  the  past  25  yfears,  Dr.  'Larson  has  fceejr  engaged,  in  /• 
educational  work,  with 'technical-education  and  trade  and  industrial  education 
as  the  focus  of  activfty.    He  is  'Professor  of  Vocational -Education  at  Colorado 


Statd  University  and  has  seYved-.as  head  teacher-trainer  for  technical  education 
in  the  Department  of  Vocational  Education  for -the  last  eleven  years.  t        ' . 

Mil/ton  Larson,  along  with  Dr.  Valentine,  proved,  expert  advice  to  the  staff 
in  developtpg  the  trcMnirtg-course  and  this  manuai.  *  ( 

}     *  **  » 

»  /  •  •  * 

Ivan  E.  Vajentine -^Dr.  Valentine,  along  with  Dr.  ta.rson,  served  the  staff 
who  prepared  this  manual  as  a  vocational  education  specialist.    He  has, con- 
siderable expeVience  in  curricul urn 'development  in  all, areas  of  technical 
education  and  has,  additionally,  practical  experience  as  a  consulting  \ 
engineers  and  also  as  a  heating  and  plumbing-contractor. 

Ivan  Valentine's  extensive  experience  in  vocational  technical  education 
contributed  significantly  to  thg  development  of'tHis  practical  training 
course, and  manual \  f  '  .  *    .  *  * 


NAHB  RESEARCH  FOUNDATION,  INC. 

The  NAHB  Research  Foundation  through  Ralph  J.  Johnson,  StaffVice  President* 
and  Director,  and  H.W.  Anderson  contributed  considerably  to  the  development 
of  the  training  course  and  this  manual.    Mr.  Johnson,  in  particular,  carries 
with  him  over  30  years,  experience  in  housing  and  home-building  research. 
The  HAHB  Research  Foundation  has  been  involved  with  the^use  of  solar  energy 
\x\  housing  for  nearly  twenty  years  artd_4*articipated  in  the  development  of 
maViy  standards  far  housing  and  home  byilding. 

The  staff  participated  directly  in  the  preparation  of  Module  19,  Scheduling 
©f  Solar  Installations,  and  Module  20,  Constraints  and  Incentives,-. 
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A' nuclear  fission  reactor  which  convertS'the-  * 
99*. 3  per  cent'  (xf  natural  uranium  that  can't 
be  used  for  reactor  fuel  • into-plutonium, .which 
can  be  used  for  >reactor  fuel*      k  v,  ' 

A  fonji  of'hydrogen  in  whi^v  each  atom  is  twice1 
as  heavy  as  a  normal  hydrogen  atom. 

The  time  required  for  t£  size  of  a  quantity 
to  double  under  exponential  growth/  Give  by 
the  equation:  Double  time  -  70 > years/%  -growth  . 

An^creasing  growth  -  the  type  of  grQwth  that 
occurs- when  the  size  of .the  growth  depends  on 
the  .size  of  the  quantity  growing. 

«>>^  » 
The  peri'od  from  the  year  2000  on*. 

'Coal,  petroleum,,  natural  gas. 

.Literally  "Earth  heat'1.  - 

fe  use  of  the  energy  of  falling  vyater^to  spin 
turbine  to  produce  electricity. 

Straight  line  growth  -  the  type  of  growth  that , 
occurs  when  the  growth  is  by  a  constant  amount 
each  year.  *  v  - 

The  next  10.-  30<years,  through  the  year  2000. 

The  splitting  of  an  atom  of  uranium  or 
Plutonium  to  form  two  lighter  atoms  and' 
release  a  large  amount  of  energy  in  the  form 
of  heat  . 

The  reaction  that  occurs  in  the  sun. .Two  atoms 
of  deuterium  are  joined  together  to  form  a 
single  atom  of  helium.  A  ljarge  amount  of  energy 
is  released  in  the  form  of  heat. 

Moving  one  passenger  one  mile. 

*The  operation  of  one  reactDr  for  one  year. 

Referring  to  the  sun  . 

Moving  one  ton  one  rfTle  . 

The  movement  of  air -over  the  .surface  of  the 
earth.  Caused  by  heatihg  of  the. surface  by 
the  sun. 
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'  INTRODUCTION 


1   m      -       "*  v**^*^. 

,      There  are  many  people  today  who  realize  that  there  is  a  serious'  »  * 

'    energy  problem  in  th%-  United,  States.    Much  has  beeh*written  and  said 

*  \  •     «  - 
about  the  energy  situation,  bflt  it  is  still  difficult  to  understand  why; 

after  years  of  plrtitifirl  and  cheap  energy,  there  should  suddenly  seem 

,  to  be  a  smaller  anjount  of  ,eriergy  available,  and  only  at  higher  prices. 

-      •  }  \ 

The  issue  is  ^confused  by  various^Uhori  ties^  and  organizations  issuing 

^         contradictory  reports  as  to  the  magnit^e  of  the  problem.    In  this 

r     ^module1  the  current  energy  situation  is  examined  from  a  historical  view  - 

point  and  with  a"  look  into  the  future. *r  ,  » 

1  *  *  *  OBJECTIVE 

The  objective  of  the  ,trainee  is  to  understand  th%energy  problem  sO, 
#  that  utilization  of  sdlar  energy  t)n  a  national  *scale  can  be  kept  in  proper 
perspective.    At  the  end  of  this  module  the  trainee  should  be  abl^to: 


~1 


Identify  the  concept  erf  exponential  growth, 

2.  Recognize. the  problems  a-ssociat§d  with  trying  to 
meet  increasing  demands Jwith  limited  resources, 

3.  Realise. the  part  that  conservation  can  play  in'meeting 
.  -future*  energy  needs,  ■  1  4 

>  to 

4.  "  Describe  the  potential  and  limitations  of:    N4  , 

a.  v  dossil'  fuels'  1  * 


b<v    tyclear  energy 

.  Cj  -Geotheilnal  Energy  „ 
«     -     V.  '* 


s ''Wind*  energy 


•  *  '  "  *  -     ■  22'** 

eric  .     ..■«/•     .  • .  :•    •  ' 
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e,  Hydroelectric  energy 

f.  Solar  energy  t 


THE  ENERGY  PROBLEM 


Energy,  like  commodities,  is' expected  to1  follow  the  laws  of  supply 
and ^demand.    If  demand  exceeds  supply  there  will  be  a  shortage.    In  most 
/Situations  a  shortage  will  result -in  a  price  increase;  the  prospects  of 
higher  profits ^/iJJ^prompt  more  production;  the  supply  will  increase  to 
'meet  the  demand/  Thaf energy  situation,  however,  differs  from  the  normal 
situation  in  several  ways.    Regulations, on  the  price  of . energy^oft^i  re- 
quire that  it  be  sold  at  a  -cost  belov^the  real  market  value.    Rather  than 
encouraging  increased  supplies,  such  pri-ce  regulations  tend  t;o  reduce' the 
interest  of -producers  to  increase  the  supply.    And  even  when  a  supply  in- 
c^ase  is  desirable,,  there, are  natural  and  unnaturalj imitf^ beyond  which 

'the  supply  cannot  be  increased,  no. matter  what  the  price.    Finally,  the-, 
demand  for. energy  ^eems  to  be 'increasing,  rapidly  and  without  limit.  yThe 

,  combination      tfiese  faQtcfrs,  operating  outside  the  laws  of  supply/arid 
demand,  is  what  makes'  the  energy  problem  so 'serious-. 


GROWTH- OF  DEMAND 


*    .There  are  two  basic  ways  'in  which  a  quantity  can/grow;  linearly  or 
vexponentially.    These  growth  modes  are  illustrate^in  Figure- 1-1  using 
as  ark  example'  two  misers  who  are  saving  money. 

The  solid  Ltne/Vepresents  a  irifser  who  saved  ten*  dollars  a  year  by 
'.stuffing  it- under  the  mattress  of  his'  bed.    Every  ten  years  he  stashes 
away  $100,  .jso  that  whejj  twenty  years  have  .passed,  he  has  $200;  thirty 
*  years,  $300;  etc.    The 'money 'Stashed  away  is'an  example  of  "linear  gnpfh'' 
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Figure  1-1.    Growth  Modes  -  Linear  and  Exponen  tial 


in  which- ttie  growth  is  by  a  constant  amount  each  year.    The  dashed  line 
represents  a  rriiser  who  decides  after  ten  years  to  take  his'  $100  out  of 

v  $  •  •    *  '    ,  * 

ttfe  bed  and  to  invest  it  in  a  sayings  account  at  se^en  per  cent  interest. 

At  the  end  of  twenty  years  the  account  is  worth  .$200;- in  thirty  years, 

^$400;  in  fotay  years?  $800;  without  any  deposit  beyond  the  original  $100. 

Money  invested  at  .interest -is  an  example  of  "exponential  growth"  in  which 

the  size  pf  tb6  growth  depends  on  the  size  of  the  quantity^  that  is  growing 

*  /  *.'***  '  * 

Shown  in  the* figure  i\s  the  ''doubling  time",  the  time  required  fof  the  ,size 

of  the  groytfng\item  to  double. o '  Note  vth£t  the  doubling  time  depends  on"  the 
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"  Many  natuVal  processes  exhibit  "exponential  growth.    The  epergy  situa- 
tion  isdirectly  influenced  by  the  world  population,  which  is  growing 
exponentially-as* shown  in  Figure  1-2.  < 


4 


Figure  1-2.  Growth 
r 


According  to  current  trends,  the 
billion  by. the  year/2000  -  almos 
present  growth  rate  of  two  and  o 
'  population  is  28  years.)    If  er]fe<< 
titm*  twicie  as  much  energy  youl 
demand  is  growing  faster  than  popul 


2IOO 


Population 

the  world  will  reach  six 
rrent^population.  jAt  the 
nt,  the  doubling  time. for  , 
reased  along  with  popula- 
2000.    In  fact,  energy 
he  need  to  tHple  the  world 


energy  supply  *is  a^&itipated.  « 

•Figure 1  -J  (a  throug>M)- illustrates  some  other  exponential  processes 
that  affect' the  energy  situati< 
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Figure  1-3.    Exponential  Processes  Related  to- Energy 


too 


.  UNITE-P  STATES  ENERGY  PROBLEM    ~  ? 

'The worldwide  energy  situation  has  particular  impact  on- the  United 

States,  since  we  have  always ^been  large  users  of  energy.    (Our  high  stan- 

dard  of  1  ivingvcan„be  linked  directly  to  hicjn  energy  use.)    The  economic 
—       •      •       <  « 
boom  of  the  1 960 1  s  resulted  in  a,  high  1eve,1  of  surplus  income,  most  of 

whrSh  was  spent  on  energy  -consuming  luxuries.    Second  cars,  motor  homes, 

snowmobile*, .  speedboats  -  all  became  a  way  of  life  for  United  States 

citizens.    Al  1  used  large  amounts  of  energy,  both  in  the  manufacturing 
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.  .  f 

process  and  -for 'qpferatitfn.  The  demand  far  leisure, ti/ne  resulted  in  major 
'changes  in  industry  and  agriculture  with  agtecrease.  in  tedious  labor  at 


the  expense'  of  increase  in  the  yse  of  energy. 

'    The 'advent  of/the  "environmental  movement",  also  in  theM960's,  had 
a  Very' significant. effect -on  the  energy  situation.    The  actual" 'implementa- 

tion  of  pollution  controls  6n  .industry  required  the  expenditure  of  large 

s  >  •  -  *  :  -  f 

amouats  of  energy  (Figure  1-3-a);  At  the  same  time  that  energy  demands  were 

*     '  '  '     *  '%  'V 

increasing, -restrictions  were  placed  on  the  supply  of  energy.  -Nuclear 

power' plants  were"\telayed;  coalr  power  plants^ were  restricted; , off-shore 

drilling  for, oil  y/asx  halted;  the  Alaskan  pipeline  was  delayed;  and  supply 

started  to  fall  short  of  demand.    The.  o\\  embargo  widened  the  gap  between 

supply  and  demand  and  since  that  time  we  have  become  increasingly, aware 

of' the  fact  that  not  only  is  energy  going  to  become  more  scarce,  it  is 

going  .to  co^t  more  -  prbbably  a  good  deal  more. 


THE  ENERGY,  FUTURE  .  *    '••  *  , 

 ■  5  1   -  •  , 

\  '   .Two  periods  can  be  identified  in  the  future.    The  first  is  the  "hear 

'futyjre"-,'  a  period  of.* twenty" to  thirty  years  up-to'the  year  2000.    The  ;- 

"  •    *  ^         -        ~"    •  '     J    .-  '  , 

second  is  the  "far  'future",,  starting  at  2000  and  continuing  on  for  an 

undeterminA>time.  The  solutions  to  the  energy  problem  are  different  for 

f 

these  tw<a  periods  and  each  period  must  be  examined  separately. 


The  Near  Future 


'The  near  future  must' be  characterized  both  by  an  .-increase  in  energy 
supply  and  a  decrease  in  demand.  1 

Demand  Decrease  --Since  the  largest  factor  causing  increased  demand 
is  the  growing  population,  a  world-wide  plan  for  population  control  will 
'be -required..  Unless. the  exponential  growth  o|  population  can  be  halted, 


V 


enejrgy  supply,  will  continue  V.  lag  behind  demand.    Demand,  can  also  be 
decreased  by  conservation  measures.    Recycling  has  the  potential  to  save  , 
^-energy  as  does  the  redesign  of  consumer  goods  to  emphasize  .long  life  and 
,repairability{    Appliances  and  aujtomobiles ,can  be  designed  to  use  energy 
more  efficiently.    (The  conservation  of  energy  in  Homebuilding  fs  dis-  " 
*  cussed  in  Module. 17),    Some  alterations  of  life  style  ,can  produce  energy 
savings.   As  an  example7,  a  shift  in  federal  policy  from~building  airports 
1  to' support  of  railroads  would  result  in  a  large  increase  in  the  efficiency 
•    of  freight  transportation  (Table  1-1).    There  is,*  however^  limit  to  the 
amount  of  energy  that  can, be  saved  by  conservation  measures  without  major 
changes  in  lif£  styl£  that  may  not  tje- acceptable, and  conserv'ation  alorte 
cannot  eliminate  the  gap  between  energy  supply  and  demand;  Conservation 
can,  extend  the  period  before  the  energy  situation  becomes  critical,  thus 
providing  more  time  for  the  development  of  new  technology. 


r  -  - 

f  Table  1-1.    Energy  Efficiency  , Of  Transportation 
ENERGY  EFFICIENCY  FOR  PASSENGER  TRANSPORT      ENERGY  EFFICIENCY  FOR 


item/  - 

* 

BTU  P£R  PASSENGER  MILE- 
URBAN       *  'INTERCITY- 

FREIGHT  TRANSPORT 

BTU  PER 

ITEM 

*>  * 

TON  MILE 

'  •  BTCYCLE 

200  '. 

WALKING 

30(p  • 

PIPELINE 

450' 

BUSES  - 

3700  . 

1600 

RAILROAD 

670 

*  * 

BAJLROADS  '  1 

2900 

WATERWAY 

.  ■  ,  680 

.    AUTOMOBILES  ; 

*   8100  ' 

3400 ' 

truck-; 

'3,860 

•V  AIRPLANES 

> 

* 

8400' 

AIRPLANE 

0 

42,000 
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\  * 

*  Supply; Increases,,-  In  the  near  future  the  major' portion  of  our  energy t 

supply  must  come  from  known  and  developed  technologies.    It  has  tradition*- 

ally  taken  twpn'ty  to  thirty  years  from  the- development         new  technology 

to  its  commercial  application  and  there  is  no  eviclence'that  this  time 

«  \  ■   *  *  « 

period- can  b6  significantly  shortened.    For  the  next  twenty-five  years. 

*•  '  * 

the  energy  supply  must  come  from  fossil  fuels,  hydroelectric  dams,  and 

nuclear  reactors.    It  is  useful  to  examine  the  potentials  of  each  6^  these 
*  » 

energy  suppl ies ,  ~* 

9  Fossil-  Fuels  -  The  fossil  fuels  consist  of  coal%  oil",  and  natural  gas 
These  are.  found  in  the  earth  at  depths  ranging  from  less  than  ajiundred 
feeV-ta.several  miles.    Fossil  fuels  have  bee*) formed  from  animal  and 
vegetable -matter  deposited  between  ten  and  a  hundred  million  years  ago. 
While  the  processes  that  formed  these,  fuels  are  still  going  on  today^as 
far  as  mankind  is  concerned,  once  the  presCnt  supplies  are -used  up,  there 
wilV-W no  more  fossil  fuels.    In  addition  to  the- problem  of  limited 
supply,  the  use  of  fossil  fuels  is  compl  ica  ted -by  environmental  problems, 

...  V    .  "4 

both  in  the  extraction  and  turning  of  the  fuel.     t  #- 

Coal  -  Large,  low  sulfur  coal  fields  in* the  United  States  are 
/fjound  in  the  Western  states  -  Wyoming,  Jtontanaf,  and  Colorado.' '  Many  of" 
these  fields  are  found  neair  the  surface  and  are  suitable  for  strip- mining. 
The  strip  mining  of  these  coal  deposits  is  meeting  opposition  from  many 
citizens' of  the  states  involved.    The  primary  concern  of  the.  citizens  is 
the  environmental  impact  of  strip  mining.    There  has  been  some  success  m 
Eastern  states*witfo  the  restoration  of  stripped- land  to  benef4€-4alr use. 
However   in  the  water-short' West,  restoration  is  still  in  the  experimental 
itage.    Until  this  matter  is  resolved, 'resistance  to  strtp. mining  will 

*  t 

continue. 


For  deep  mining  to  provide  large  amounts  of  coal  in  the  fufurg,- 

new'methods  of  minin^must  be  developed  that  are  not  dependent  oft  a 

large  labor  force,    (There  seem  to  be  few'people  who  are  willing  to 

become  coal  miners.)    AJarge  increase  in  the  number  of  mining 'engineers 
* 

will  be  required.    There  is  also  the  problerfuof  coaj  supply.    While  the 
United  States  has  lafge*amounts  of  coal^,  the  supply  is  not^inftni te 
(Figure  1-4]),  and  the  cost  of  extracting  coal  goes  up  rapidly  as  the 
supply  is  exhausted  < Figure  1-3-b)'.    When  all  the  facts  are  considered, 
^the  production  of  large  amounts  of  coal  is  not  a  sample  task. 

Petroleum  -  Any  consideration  of  oil  as  an  energy  source 
raises  the  question  of  the  impact  on  the  economy  oTlarge  payments 
for  foreign  oil  and  thg  environmental  dangers  posed  by  large  scale  off- 
shore drilling.  .  There  is  also  a  great  deal' of  contro\^rsy  over  the 
amount  of  oil  that, is  available  on  earth.    While  the  major 'oil  companies 
claim  $iat  supplies  are  dwindling,  others  say  that  the  lack  of  reserves 

has  come  about  because  the  oil  companies  are  not  looking  very  hard  for 

#  • 

oil  •    However,  whether  oil  will  run  out  in  fifty  or  two  hundred  years., 

there  is  no  question  that  oil  cannot  be  regarded' &s  a  long-term  future 

i 

energy  supply  (Figure  1-5).         •  *   *  ** 

Natural  Gas  -  While  ther^e  is  also  controversy  over  the  avail- 
able amount  of  natural  gas,  there  is  general  agreement  that  it  is  the 

most  limited  of  the  fossil  fuels.    United  States -reserves  have  been* 
*  *»  • 

decreasing  steadily  for  the  last  ten  years  and  natural  gas  shortages 
have  .already,  been  experienced1  in  some  areas, of 'the  country/  The  more 
opt^^tic  -estimates  suggest  that  natural  gas  will  be  essentially  gone 
within  thjrty  years;,  pessimists  say  ten  years.  -  Natural  gasM's  certainly 
not  a  long-term  future  energy  source  (Figure  1-6).  .  « 
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Figure  1-5.     Cycle  of  World  Oil  Production. 

The*dashed  curve  reflects  Ryman's  estimate  of  2, 100xlOf 
barrels  and  the,  solid  curve  represents  an  estimate  of 
1  ,350  x  109, barrels.  -  • 
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Figure  1-6.    U.S.  Natural  Gas  Reserves  (Excluding  Alaska) 


Nuclear' Fission  -  The  potential  for  the  supply  of  electrical  energy 

1  " — ~*~  4  *s 

from  nuclear  fission  has  already  been  well  demonstrated.    At  present  about 
nine  percent  of  our  national  electrical  energy  demands  is  satisfied  by 
nuclear'energy.    It  is  anticipated  that,  by  1|85,  nuclear  reactors  will 
be  producing  almost  twenty  percent  of  our  electrical  energy  and,  by  2000; 
/fifty  percent.    This  anticipated  growth  of  nuclear  generation  raises  some 
serious  <teubts  and  fears  in  the  minds  of  the  public  which  must  be  answered 
if  the" industry  is  indeed  ,to  grow  as  expected.  .      •   ^  • 

1  Fuel  Supply  -  Present  reactors' -can  use  only  about  0.7  percent 

of  natural  uranium  as"  fuel.  .Current  uranium  reserves  can  be  expected  to 
supply  present  and  future  reactors  "past  the  year  2000.    By  the  time  these 
reserves  are  depleted,  the  breeder  reactor,' which  converts  the  remaining 
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99.3  percent  of  the  unusable  uranium  into  a  useful  fuel,  plutonium,^ 
should  be  on  line.    The  breeder  reactor  promises  a  nuclear  fuel  far  into 
the  fijture,  'perhaps  as  much  as  a  thousand  years. 

Safety  -  The  nuclear  powerjndustry  has  a  remarkable  safety  ; 
record;    To  date  .there  has  not  been  a  single'injury  or  death  attributable 

to  radiation  ir/a ^commercial  power  plant.  <  TTie  industry  has  accumulated, 

*    "      '   -  -  /     ^  »   *■  ' 

175  reactor-years  of  operation  and^the  U.S.  Navy  has  1300  reactorryears 
of  operation,  all  without  a  single  accident^ 

Despite  this  impressive  safety  record,  v^ere  is  a  segment  of  the 
public  that  is  demanding  a  halt  i$  the  construction  of  new  reactors  and 
a  shutdown  of  those  already  operating  tie-cause  they  are  "ms^^r* 
horrible  scenario  Ms  envisioned  by  the  critics  of  nuclear  power  in 
which  a  reactor  explodes,  nuclear  material  is  scattered  through  the  air, 
and  nrplidns  die.    In  fact,  there  have  been  some  serious  accidents  at 
'nuclear  power  plants  and  in  every  case  the  multiple-redundant  safety 
systems  shut  down  the  reactor  with  no  human  injury  and  no  leakage  of 
radioactive  materials.    An  exhaustive  study  of  nuclear  technology  was  * 
completed  in  1975,  known  as  the  "Rasmussen  Report"  after  the  scientist 
in  charge  of  the  study.    The  conclusion  of  the  study  is  that  the  proba- 
bility of  being  killed  by  a  nuclear  reactor  accident  is  low^r  than  the 
probability  of  being  struck  by  a  meteorite  —  about  one  chance  fn 
300  000,000.      In  contrast,  the  probability  of  being  killed  in  ar>*auto- 

•  .  m 

mobile 'accident  U  about^pne  chance  in  4,000.  .  ^ 

Waste  Disposal  -  Nuclear  power  plants  produce,  small  quantities 
of  highly  radioactive  waste  that  will  require  long-term  storage.    A  techW 

A 

nique  has  been  developed  to  convert. this  waste  into  a  solidjiy»ass-like 
material  that  can  be  easily  stored.    At  present,  the  site  for  long-term 
•storaqe  has  not  been  selected,  but  by  the  time  appreciable  amounts  of 

9    '  38  .  ' 
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Wastes  accumulate,  twelve  to  fifteen  years  from'now,  it  is  expected  that  a 

satisfactory  storage  site  will  be  available. 

*  *  * 

-  Hydroelectric  -  Hydroelectric  power  has  traditionally  been  thought  of 
as  a  "clean"  form  of  energy  in  that  it  causes  no  emissions*.    However,  it  "is 
not  without  environmental  effect*    The  creation  of  a  large  lake  out  of 'what 
was  previously  a  free-flowing  river  causes  environmental  changes  resulting 
'in  the  death  of  some  species,  and  the  -growth,  of  others.    There  is  also  evi- 


f. 


dence  that  the  creation  of  large  lakes  can  cause  climatic  variations  over 

wide  areas.    The  "wild  rivers"  legislation  ha$  been  passed  to  protect' some 

.rivers  and  the  public  is  increasingly  opposed  to  large, hydroelectric  . 

projects.    Even  if  we  ignore  these  considerations,  the  potential  contribution 

of  hydroelectric  power  in  the  United.  States  Is  small.    If  every  possible         '  . 

i  *  1 

river  were  dammed,  less  than  four  percent  of  our  estimated  electrical  needs 

in  the  year  2000  wquld  be  met.  .        v^  * 

Sunmary,  -Near  Future  -  In  the  next  ten  to  thifty  years  our  energy  will 

have  to  tome  from  known  technology.    The  fossil  fuels  (primarily  coal), 

.  v  %      .    „   -        >  j 

nuclear,  and  hydroelectric  are  currently  available*    All  of  these  techno!- 
'%   og*es  are  in-  use  today  and  are  safe  and  reliable,    We,  cannot  afford  to 
ignore  or  prohibit  any  one  of  the  three  without  serious  consequence  to 
,prbductiorv  of  goods  and  services.    Conservation  of  energy  will  serve  to 
reduce  the  anticipated  shortages  of  energy  and  provide  a  little  more  time 
for  the  development  of  long-term  energy  technology. 
%  -     far  Future  '  , 

Energy  for  long-term  use  will  come  from  technologies  which  are  *ow  beincj 
developed  or  perfected.    The- breeder  reactor  has  been  previously  mentioned  as'. 

'it  '  \ 

a  means  of  extending  nuclear  fission  into  the  future.    Several  other  tecjinol-.  \ 
ogies.will  now  be  mention^..   While  this  list  is  not  all-inclusive,  it 
-    •   illustrates  the  kinds^of^energy  sources  that  are  being  considered. 

ERIC  ■         •  '  3 
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Wind  -  Wind  energy  is  one  of  the  oldest  forms  of  energy  used  by  man, 
>  having  been  used  since  bibl  icaV  times  for  moving  ships  and  since  the 
fifteenth  century  for 'powering  machinery*  *  For  certain4  isolated  loca- 
tions, where  conventional  electrical  energy  ics  unavailable,  wind  power 
is  already  bjeing  usejjd.    However,  the  feasibil ity ,of  generating  signifi- 
cant  amounts  of  energy  for  national  needs  has  not  been  demonstrate^  To 
generate  one  megawatt* requires  a  windmill  abput  180  feet  iri  diarttetefr  on 
a  200  foot  tower,  with  an  average  wind  velocity  of  30  miles  p'er  hour. 
Thousands  of  towers  would  be  needed  to  replace  one  coal  generating  plant. 
Recently  a 'large-scale  demonstration  wind  generator  has, been  built^but 
the  technology  is  still  several  years  from  being  perfected, — While  wtnd 
may  be.  utilized  in  some  portions  of  J^he  country,  it* is  unfikely  tp  -be  . 
significant  in  meeting  our  needs  in  the  near  future, 

Geo  thermal  -'Geothermal  power  generation  utilizes,  the  heat  of  the  ■ 
t  ,earth*to  produce  steam  to  run  turbines.    Theoretically,  the  ex-tent  o.f  ^ 
geothermal  energy  is  unlimited.    However,  practiQally,^theta  are  "^imita- 
tions to  its  use,    Geothermal  steam  produces  several  envi>opi?Cntal  effects. 
If  dry* steam  is  obtained,  a  rare  occurrence,  problems  come  from  noxious  , 
gasses  that  are  found  with  the  steam.    Hot  geotheqjgl  Water  is  extremely 
salty,  containing, as  much  as  twenty  percent  dissolved  igfts  (ocean  wat^r 

*  *  J  (  ' 

*  contains  about  three  and  one-half  percent).    The  disposal  of  this  water 

is  a  problem,  since  itf'is  much.tao  salty  to  be  damped  rnto^treffifts.    The  , 

Water  can  be  reinjected  into  tne  earth  wfief^cool,  but  this  ^quires  using  ' 

,  •  •      *  >  v    * ' 

some  of  the  energy -that  was  generated,,,  In  st>me  areas  f)^nping  out  large 
quantities  of  water  has- paused  the  land  to  sink.  Finally,  useful  geo-: 

thermal  energy'fs  found  only  in  a  few  locations.    The  geysers  steam  field 

✓  ■ 

near  San  Francisco,  California  is  the  only  large  developed  geothermal  'site 
in  the  United  States.    It's  capacity  of  400  megawatts  is  less  than  ten 


ERIC 


40 


1-15. 


percent  of  the  area's 'energy  needs.    Because  of  -the  many  problems  encoHntel 
f   geothermal  .energy  must  still  be  classified  a$  in  the  "developmefrfr^age. ' 
+  '        Nuclear  Fusion  -  Nuclear  fusion  is  the  reaction  that  occurs' in  the. 

#  ♦       s  *    ,  * 

,  ^  sun  aod  involves  the  joining  of  two  atldms'of  heavy  hydrogen  (deuterium)     xP?  1 
to  form  an  atom'oY  helium. v  When  this  occurs, *at  'a  temperature  of  6%r  ten  \ 
million  degrees,  a  large  amount  of  energy  %  released.    The  problem  is  con- 
.  trolling  and  containing^this^reaction  to  Blake 'it  occur  si o'wly.  enough  so  that  " 
^useful  energy  An  be  obtained.    T<5  date  ^efforts,  to  dfrryotfta  controlled* 

i    nuclear  fusion Teaction  in  the  laboratory  havejieen  unsuccessful.    The  prob- 
lems  are  significant  and  it  is  possible  that  nuclear  fusion  may  never  be'  > 
successfully  util ized.^f  experiments  do  succeed'(some  are  predicting 
success  vi thin  ten  years),  the  generation -of  useful* energy  will  still  be  ' 

-many*  years  in  the  future.  - 

-  *  <  *.  • 

.Solar  -  Solar  energyyrepreserrts  a  potentially  large'energy  source.  * 
Cne-fillf  ftf  -one  percent  of  the  lancf  .area  .in  the  Uni-ted  States  received' 
enough  radiation  to  "supply  *al«l  the  energy  we  rreed  inthefyear  2000.         *  * 
Technically  it  is  pos§ible'to  u      ze^  solar  energy  to  generate  electricity, 
•  ^heat  homes,. and  produce  steam.    The  major  problem  is, that  solar  energy  is 
ch'fft^e*and  is  received  on  the  earth's  furface  3^1)w  intensity.    A '100 
n^gawat^sp^Ta^^^       .-p.ow&r  plant  requires  over  a  million  squareVeet 
(23  acres)  of -coflectd.re.  'The  techftoTffgiopl  design  of  such  a  power-plant 
is  now  being  ^investigated- and  tlrenext  few  years  should  re%ujt  4n  tieter- 

,  /       \.-         r    *  /   ;       #  *  *  * 

mination  erf  the  feasibility. of  large-scale 'solar  electricity  generation. 

r4^ed  efforts  on, -the  -use  ofvsol^r  energy  for  home  heating  have 

been  going  6n\since 'the  1940's./  However,  'it  is.  only  recently,  with  the 

<J      \  i,*  ,  tu  '  *  u  4 

sudden  ingri?asQS  io  the  cost  t)f  -ftjssiLTuels,  that  lar*ge  scale  efforts  hav£ 


\ 


been  made  toward  developing  this  technology.    In  some  areas  where  fyel  costs 
•  are"  high,  s^laV  h^iinjg -ran- compete  successfully  today.    As  fyfl  prices  rise^ 
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and  the  «chn(#)gy  improves,  solar  heating  w-fll  play  ah  increasingly, 
larger  part  in  meeting  future  energy  needs. 

A  reasonable  goal  by  the  yedr  2000. is  for  one-third  of  new  construe- 
tib/i  and/onenhird  of  old  construction  to  be  fitted  with  sblan  heating  /  * 
systems.    One  must  be  cautiously  optimistic  about  sol^r-  heatjng  since,  if 
this' goal  is  met,  the  energy  supplied  by  solar  heating* would  be  onjy  abdut 
five  pertent  of  the  national- energy  used. 


MARY' 

•Table  1-2  is*a  summary  of  some  future  energy  choices  and  their  likely 
impact!    It  must'be1  observed  that  <?ur  cho^^  seems  not  ,to  be  "which 
'resource  sheuld  be  ■  developed";  ,but  rathg^Sfcow.  c^frr  we  develop  all  oUrr  * 
resources  and  encourage  conservation* to  .avoid  serious  energy 'shortaijesrr' 
Table  1-3  contains 'energy  saving  suggestions  by  elementary  sdhool  . 
cliildren/^fTeach  of  us  exerts  "a  maximura  effort,  we  may  be* able* to 'Come  i 
up  with  suggestions  at,  least  as  good  as  thes#£         '    .  f 
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Present  and  Future  Energy  Sources' 


Energy  Source 


FOSSIL  FUELS 
'Petroleum  I 

»  # 

Natural  gas 

-» 

CoaJ 

HYDROELECTRIC 
SOtAR* 


NUCLEAR 

. Conventional 
fission 
reactors 

Fast  breeder 
.  reactors  * 


Fusion  r&act&rs 
'GEtyTHEftMAL 


Development  Status  and  Prospects  for  Future  Us^ 


Now  widely  used.  Supplies  limited 
exhausted  in  30-40  years 


Now  widely  used, 
exhausted  in. 10 


Supplies  limited 
20  years  _ 


possibly 
possibly 


B Now  widely  used.    Some  difficulty  in  extracting  - 
possibly  exhausted  in  300  -  500  years 

Now  in  use.    Number  of  sites  for  future  develop- 
ment is  limited  jv 

Now  in  limited  use.  -Needs  further  technological 
development.    Practical ity  somewhat  dependent 
on  geography,  weather  patterns,  etc. 


■  Now  in  limited  use,-    Lov^-cost  fuel  supply 
^possibly  exhausted  in  30^40" years.  Waste 
~dispo&cO  problems  ^ 

Now  in  late  stacks  of  development.  Greatly 
-extends  potential  fuel  supply  of  fission 
reactors.    Waste  disposal  problems         *  * 

Feasibility -still  to  be  proven. , .  Fu6l  supply 
virtual1y*unl  imited 

Now  in  very  limited  use.    Number  of  suitable 
sites  for^future  development  is  limited 

•  Now  ie  very  limited  use.    Needs  further  * 

technological  development.  Number  of  suitable 
sites  fdr  future  development  is  limited 
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Table  '1-3 


EneYgy ^Saving  Suggestions  fllementary  School  Children) 


1. 

2. 
3. 
4. 


7. 


-.Find  out  if  ,.oil  has'anothe.r  name  besides  petroleum  and 
look. for  iVunder  that  name 

».  # 

Lower. people's  body  temperature  to  ,68°F 

•  :\        .«  -  >  '  * 

-  Dip  everything  that's  matie  in  stuff  that  glows  in  tye  dark 

Make  it  a  rule  that  ttiwe  has  to  be  at  least  two  people  in 
every  big  bed  that  iis$s  ati^electric  blanket 

Put  more  hot  sauce  in  the  food  — 

s 

/ 

Don't  have,  so  many  days  of  school 

Don't  stay*  in  more  than  one  room  at  a  time 


+  f 


n 


V 


.  r 


0  yjftt 


\  .  * 
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INTRODUCTION 

•v 

The  Solar  IneVgy  Applications  Laboratory  at  Colorado  State  University 

4  r 

in  cooperation  with  the  NA'HB,  Research  Toundatiorf,  Inc.,  of  Rockvdlle, 
Maryland,  has  developed  two  practical  training  courses  for  the  design, 
installation  and  operation  of  solar  sys£fems.t6  heat  and  cool  residential' 
buildings.  .One  course  is  entitled  DESIGN* QF  SYSTEMS  and  the  second 
course  is  SIZING,  INSTALLATION,  AND  OPERATION  OF  SYSTEMS.  C 

Over  a  period  of  one  week,  each  course  provides  44  hours  of 
instruction,  including  directed  periods  for  computational  practice, 
inspection  "of  working  systems,  and  "hands-on"  experience  with  models. 
J[he  courses  provide  the  trainees  with  practical  methrods  for  designing 
^solar  systems  and  important  principles  which  will  .lead  to  successful 
installation  and  long-term  operatiort  of  solar  energy  systems. 

0   

PURPOSE  *  ' 

The  purpose  of  this  module  is  to  explain  the  objectives  and  outline 
the  events  for  the  week-long  course  for  Sizing,  Installation,  and  Operation 
pf 'Systems.    The  sequence  of  topics  and  the  chronology  of  events  are 
discussed,  as  well  as  administrative  matters  pertaining  to  the  conduct 
of  the  course. 

SCOPE 

"  this  course  on  Siting,  Installation  and  Operation'of  solar  systems 
concerns  only  residential  solar  systems.    Primary  emphasis  is  placed  on 
heating  sys temsifrecause  those* solar  systtfhs  are  economical , in  many 
regions  of  the  country.    Sol,af  cooling  systems  are*not  extensively 
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discussed,  as  they  are  not  as  yet  economically  viable  although  they 

are  technically  feasible.    Integrated  solar  heating  and  cooling  systems  are  . 

included  in  tfiis  manual  as  thdy  are  practical  in  areas^where  solar 

heating  systems  can  be  justified  and  the  cooling  components  are^  added 

to  the  solar  heating  system. 

a*  • 

'The  systems"  discussed  in  this  manual  are  strictly  for  residential, 
applications,  although  the  basic  principles  apply  to  any  S9lar  heating 
e^nd  cooljng^system.    When  solar  systems  are  designed  for  office,  commer- " 
cial  or  industrial  buildings,  the  users  are  advised  that  there  may  be 


m 


constraints  and  other  considerations  that  may  necessitate  changes  in 
system  design  characteristics  and  installation  procedures  fronf  those 
discussed  in  this  manual.  # 


/ 


ORGANIZATION  OF  THIS  COURSE 

<-  - 

The  course  organization,  as  shown  in  Figure  2-4,  is  arranged  in 
a  progressive  manner.    The  trainees  will  first  be-nntroduced  to  various 
solar  heating  and  cooling  systems,  via  tours  of  houses  equipped  with 
operational  systems,  and.  then  a  general  dfsfetf€kion  of  the  types "of 
currently  practical  solar  systents  is  planned.-  Basic  characteristics  of 
solar  radiation  are  subsequently  explained  to  establish  a  working  basis 
for  the  determination  of  available  scrlar  energy  which  can  be  utilized 
by  a  solar  j^s^m.    The  various  component's  of  solar  heating  and  cooling 
systems  and  solar  water  heating  system^ are  then  described,  followed  by 
methods  of  integration  primarily  into  new  buildings,  although  the  same 
•methods  apply  to  existing  buildings.     *  -  _i 
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1000 


1400 


1500 


S UK0 AY 

nJnunt 

WEDNESDAY 

THURSDAY 

FRIDAY 

i 

Hl/UvLC  C  rain/ 

Course  Orientation 

(30  sin) 

OPEN  DISCUSSION 
(60  nln) 

OPEN  DISCUSSION 
'(30  oln) 

OPEN  DISCUSSION 
(30  mint 

MODULE  3  (75  rain) 
Introduction  to 
Solar  HAC  Systems 

MODULE  6  (90  oln} 
Thermal  Storaoe 
Subsystems 

MODULE  10  (60  win) 
Solar  Heating  and 
Cooling  Systems 

MODULE  13  (90  nln) 
Heating  Load  Calcula- 
tions 

MODULE  17  {90  win) 
Cost  Effectiveness  of 
Energy  Conservation 

COFFEE    (30  oln) 

COFFEE  (30m1nJ 

COFFEE    (30  oln) 

COFFEE    (30  mln) 

COFFEE    (30  »1n) 

M0OULE  4  (90  rain) 
Solar  Radjatfon 

MODULE  7  (90  rain) 
Service  not  Haver 
Systems 
\ 

MODULE  11  (45  Bin) 
Control  Subsystems 

MODULE  14  (60  mln) 
Solar  System  Sizing 
-  i  * 

MODULE  18  (45  mln) 
Retrofit  Considera- 
tions 

MODULE  12  (45  rain) 
Operations  Laboratory 

MODULE  15  (30  mln) 
System  Economics 

MODULE  19  (45  mln) 
Scheduling  of  Solar 
Installations 

■  LUNCH   (60  nln) 

LUNCH    (60  oln) 
# 

1  ItUfU      1  tit\  Mint  ' 

LUNin    lou  mm; 

LwW>      \wv  win/ 

LUNCH    (60  nln) 

REGISTRATION 
Solar  House  Tours 

WUULt  4  cone  (DU  rain; 

Solar  Radiation 

HODULc,  0   UZU  Oln; 
Solar  Heating  Systems 

mm i  c  io  ennf  / ?in ml n\ 
Operations  Laboratory 

MODULE  15  cont  {30 mln) 
System  Economics 

MODULE  20  (60  mln) 
Constraints  and 
Incentives 

MODULE  5  (60  nln) 
Fluld-Heatlng'Solar  ' 
Coll  ec  tors 

MODULE  16  (90  mln)  - 
Solar  System  Sizing 
Calculations 

MODULE  21  (60  mln) 
Buyer's  Guide 

COFFEE  (3Q«1n) 

COFFEE    (30  oln) 

COFFEE   (30  mln) 

COFFEE    {30  mln) 

MODULE  5  cont  (90  nln) 
'  Fluid-Heating  Solar 
Collectors 

MODULE  8  cont  (30  mlnf 
Solar  Tleating  Systems 

MODULE  9  (60  nln) 
Solar  Space  Cooltng 
Systems 

MODULE  16  "cont  (90  min) 
Solar  System  Sizing 
Calculations 

V 

Final  Discussion 
and  Critique  (90  mln) 

) 

ADJOURN 

ADJOURN  . 

ADJOURN 

ADJOURN 

D  .RECEPTION  AND  DINNER 

MODULE  1  (30  mtn) 
Energy  Problem 

ADJOURN 

• 

AWARDS  DINNER 
H00ULE  22 

Future  Prospects  for 
SoUr  M4f  Systems 

ro 
i 


Figure  2-1.    Course  Schedule 
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^Opportunity  to    review  the  instructional  sessions  is  provided 
each  morning',  during  whichf  time  the  participants  are  encouraged  to  ask" 
questions  to  clarify  problem  areas.    Wednesday  afternoon  is  a 'laboratory 

period  to  allow  trainees  to^gain  some  experience  with  operating  systems 

-  -»  ,  * 

and  .to  assemble  air  and  liquid  heating  model  solar  systems.    General  check 

Vists  are  prqyide'd  to  enabl'e  systematic  checks  of  completed  systems 

F  '  4 

so  that  problem  areas  can  be  identified.  Participants  will  be  allowed  to 

•  ^ 

inspect  the  CSU  solar  houses  thoroughly.  The  following  full  day,  Thursday, 

is  devoted  to  the  technical  and  economical  sizing  of  solar js^s terns. 

Heatirig  load  calculations  are  included  because  the  size  and  economical 

cost  decisions  for  a  solar  facil  i ty  ',a>e  dependent  upon  the  annual  heating 

load  for  the  building.    Other  important^considerations  which' should  be 

assessed  in  regard  to  retrofit  Installations,  scheduling  of  work,  component 

sizing  and  cojjpl  instrumentation  are  discussed  on  Friday. 

ipDaily  evaluations  of  each  module  are  requested  of  each  participant 

in  this  course.    The  evaluations  will  assist  the  instructors  in  assessing 

material  comprehension  and  conducting  the  eourle  effectively. 

SYNOPSIS  Of  COURSE  CONTENT 

%■ 

»  * 

TOUR  OF  SOLAR  HOUSES  **" 

A  pre-course  tour  of  solar  houses  in  the  local  area, will  provide  the  ' 
trainees  with  the  ppportunity  to  see  different  styles  of  homes  and 
practical  types  of  solar  systems.    The  solar  systems  are  bViefly.  described 
and  performance  of  the  systems-are  .detailed  when  such  information  is 
available.    The  duration  of  the  Jour  is  3  hours. 
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•  *  * 

The 'tour  is-  .concluded  with  an  informal  reception  and  b&jiquet  in  which 

•  the.  instructors  and  trainees  are  introduced.    A  discussion  of  the  energy 
problem  (Module  1)  is  .presented' after  the  banquet.   *  *' ^  .  1 

.*,../.»« 

^MODULE  1.-  ENERGY  PROBLEM  .  * 

The  -objective  in  this  module  is  to  bring  into  perspective  the 
problem  of  meeting  the  projected  energy  demand  ,in  the  United  State? 
with  known^supplies  of  fossil  fuels.    The  future  availability  of  dftergy 

^depends  upon  reduction  of  per' capita  use  through  e/fectWe  conservation 
practices  as  well  as  increases  in  production  of  coal,  oil,  and  conven-  N 
tional- energy  forms.    Effective  conservation"  necessarily  entail^the     '  -  * 

.development  of  alternative  sources  of  energy  $uch,  as  solar,  geothermal , 
wind,  and  nuclear  fusion.    An  effective  balance  between  sup^ly'and  demand, 
can  be  maintained  if  development  of  alternative  sources  is  actively 
pursue'd.    The^sUbstance  of  the  presentation  is  included  in  this  manual. 


MODULE" 2.    COURSE  ORIENTATION 


.This  module  is  employed  to  explain  the  objectives  and  purpose  of  the 
course  and  to  outline  the  sequence  of  events  during  the  course.   JUl  the 
modules  in  this  course  are  briefly  presented*.    WWle  participants  are 
encouraged  to  ask  questions  during  the  presentation  of  tjie  modules,  for  , 
some  modules  it  may  be  more  effective,  if  questions  are  held  until  the  * 
presentation  has  b^en,  completed*.    The  instructor  wilT  indicate  his  pref- 
erence in  handling  qUft^tions.  :  -        /  ' 
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The^otfjectlves  .or  the^'courssjure  to  develop  capabilities  in  trainees 


;  .\.    '>JL-.i  Choose  the  tfpe  oJ^Jolar  'heatings  and/or  cool ing  system  sizable 
;  '  •  '-'V      'y  for  the  particular  building  andJocation; 
,    -  2,     Select^  the  size  of  the. solar  system. that  will  provide  an 


1», 


. ,  economical  fraction  of  the  annual  heating  requiremenl 

3/".  Ihstall^solar  systems  to  operate  effectively  over  t£  ranSj^of 
&  h^d^con^itJdh< 
\  4.,  \  Iaenti 


Tentify  d 


ties  in  operation*of  systems  and  maintain 


sS^tr 


t&  the  systems.)S9  ^hat1  they,  will  dperate  aF^trouble-free  as  « 

possible;*    ,v       •  *  *         *  . 

5.  "  Explain9  the  technical  ^tails'-of  operation  and  economic  value 
,  of  solar  systems.  :         ^  »*■  t^ 

Daily:' evaluations  will  be*made  b^the  trainees  regarding  the  material, 
organization,  aricLmethods  of  presentation  for  each  module'.    The  evaluations  ^ 
will  assisf  the*  instructors  to  conduct  an  effective  training  course. 


MODflL'E'V;  -^INTRODUCTION'  T.0  "SQLAR;  HEATING  AND-CQOLING-  SYSTEMS 


•"The, purpose  of- this  module  is  to*d^cribe  .the  basic/arrangemgnts  of 
Component's' for,  solar  heading, and  cooling  systems  and  to  explain  the 
, operating  princfpYes  of  different  systems.    The  differences  between 
Ktr^afid  passive  systems  and  hydronic  and  air  systems  are. explained, 
'  -        The  function  of^controls  and  the  interfacing  requirements  of  th£  different 
.  ,  components  are  de$ci*ira.d%.  t        %  > 
•       -l*f*.  'Many  Vaphics^are^secf  in  the  text  ^to  illifstratl*  differences  4 
*fc%tween  .f  Jat^plj^e  ^nd-^ncen^rating  collectors,  dir|ct  and  diffuse 
"      rpdia-tidT^  and*  air-heating  and  water-heating  solar  systems. 


ntegriatlon 
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of  a*  hot  water  beating  imit  into  a  ^pacerheatffng  and  'cooling;  syst&fc'is 

,  - %                                '  '                             "  *  '  '  \ 

described.    The  strategy,  at  tjae  present  stage  in  solar  energy  system  J 

<        >    -           .  =f                 -  '         .  \  ■ 

.  development,  is- -to  use*a  mix'of  «solar  and'conventional  enerqy.  The1  <v 

rationa-le'for'.this  strategy  is  discus'seb*  in  the  mo'duTe."  '•  •  *"  • 


* 


,-' -MODULE,-  4.    SOLAR  RADIAT-ION  ■         .  {    '       '  '„*'  '  \ 

|    Wnowledige  of  the  nature -.of  solar  radiation,  its  distribution  M'n,  time 

♦  *  * 

and  variability  with^ather  is  of  fundamental  importance  in  the  design  • 
-■;  -      of'solar  heating  arid  dooli'ng  systems.    An^explanation -for  the  decrease  :  < 
^     in  solar  radiation  througlj  the*  earth's  atmosphere,  as  well  as  the 

t  seasonal,  morithly,  daily  and  hourly-variations  in  the  amount  of*sfclar  "\ 

• »  . »      .i        <      .  -  ^ 

radiation  avail-able  are^given  in  this  modulfe.  Two  systems  <of  measurement  ■ 
Qnits  are  presented ,  with*  factors  for  converging  from  one  system  to  « 

-^mother,,  in-order  to  fully  utilise  data  sources  which  record  sottfr  energy' 

.  •  -  "  / 

availability.    The^tfsic  data  are  gvven  fh  the*  form  of  ^radiation  maps   •  '  \  * 

whiciyare  used'  for  seizing  st)l a r  systems  *in*  later  ifiodul 
£  The  solar  collector  is,  the  principjf .component  In  a 'solar  system  , 

;  1      ' -  ■  •   '  '  i 

^   gnd^this  module  describes  design  a n3  Operational  characteristics-©/  the,  ^ 

•  '  •  .        *  .  • "  *  .  .  /  «  ? 

a;>4      presently  available  practical  collectors  for  residential  applications; 

Des^^conjsideratipns  which  affect  the  coll/^ctoi^erformariee^  are   *  \    J  i 
•         .  dime.nsrions  of  the  collector,  number  of  glas^s  covers,  absorber'  prate  #.        "  s 

corfstructiont  "and  absorber  coatings.    They  are 'also  rela^eh«ttp  efficiency  of  ,# 
solar  heat  recovery,  operating  temperature  desired,  average  outdoor  temper- 
|  afcuue  and  power^equirements.    The  cost-effectiveness  Qf  a  collector  depends 

upon  many  factors,  particularly  durability,  and  this  module  explains  _« 

•  preventive  maintenance  procedures.      •       *.         -       •        ;  -     '  /*       '     ' *  ' 

ERIC    /  *      •  V.  . 


MODULE  5.    FLUID  HEATING  .S(3LAR  C&LLECTORS 

 ■  :  ^ — 


In  liquid-heating  .collectors,  the  concern  for  corrosion  Of  the 

'absor.'b.er  tubes,  pipes  and  storage  tank  is  certainly  greater  than  for 

air-heating  coltefctofs-./  '  Freeze  projection,  by -the  addition  of,  ethylene 

-    ■    ''     .    .*  ' 
glycol  ;  toiling',  protection  within  the  system  by  the^  use  of. vents, 

erosion  protection  by  removal  of  particulates,  arrd  removal  lof  free, ions 
by  use  of  ipn  getters"  are- discussed.  I 

Graphical  presentation's  of  collector  efficiencies  are  mac(e  to  compare 
the  performances  of  different  1  iquid  collectors  but  comparison  of 
liquid  and  air-heating  collectors  mus»pmade«on  tbe  basis' of  system, 
performance*.    F.inally,  consideration^  fo  reassembly  of  collector  modules  • 
tnto  an  array  a  represented: 

MODULE  6.    THERMAL  STORAGE*" SUBSYSTEMS  t 

For 'solar  systems  tojDrovide-a  ma'jor.T'raction  of  the  annual -heating 

requirements  for  a  residential  building/thermal  heat  storage  units 

a're  needed  to  store  excess  energy  col lec^Ld^ing  the  day  to  provide 
*the"  building  heating  load  during  the  night.  '  This  module  explains  the 

different  methods  for  sensible  afid-iaten^  heat  storage.1  Latent,  heat  - 
•storage,  or  pha.se-cffange. methods ,  are  not  yet  .practical {or  residential 

■applications..  ^  >  .  ■  ^  -  _ 

Principles  for  selection  of  storage  media,  sizing' the  stprage-pn 

the  basis  of  collector  area,  scheduling  of  unit 'installation,  ajid  • 

4  4 

.  operating  strategy  are  discussed,  '.Water  stooge  tanks  are  recommended 

f  #      *  v 

1  for*  liquid-heating  solar  systems, tfnd  requirements  f,or  the  structural^ 

integrity  of  'the  tank  are 'enumerated,    pebble-bed  heat  storage  units  , 
•    .,  •         ,  ■> 

'  are'' recommended  for «ai r-heating  sol-ar  systems, and  container  descriptions 

and  installation  and  operation  methods  ar»  presented. 


r 


f4 


i » 
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MODULE  7.    SERVICE  HOT  W/yTFJ^YSTEMS 


A, solar  hot  water^ea^er  c,an  be-ysed  in  domestic  service  water 
systems  in  njany  waysN  There' are  two  majOF  types  of  solar  water» heaters , 
circulating  and  hon-cj-rpu-lating,  with.. several  design  variations  of  each 

type.    Circulating  heaters  are  likely  to  be  the  n\pre  widely  used  type 

-  *  *"  •»  '  \ 

in  the  Uwited  StateV  due  to  freezing  considerations.'   lit  its  simplest 

form,  a^l^r  water  tieater  consists  of  a  flat-plate  water-fteatipg  collector 

fnd  an  insul^tecf  storage  -tank  positioned  atarfhigher  level  than  the 

1  collector.    These  .components,'  connected  to  tjne  .£b?d -water  main  and  the, 

'  hot  water  service  piping  in  the  dwelling, c£n  proyide  most  of  the  hot 

water  requirements  in  a  sunny  climate.  \ 

Detailed  descriptions  of  many  types  of  ^olar  water  heaters  are 

giyen  in  the  moduleV, copied  with  schematic  dravgngs  fpr' installation.  ^ 

Procedures  for  siziftg  the;~solar  collectors  are  outlined  and  examples 

are  worked  pj^t<    Although  costs  at  present  ar.e  highly  variable, 

estimates  for  typfcal  snze  fyater  heatef.s  are  presented.  ' 


MODULE  8.    SOLAR  HEATING  SYSTEMS  .  t\ 

Basic  arrangements  of  liquid- and  air-heating  sqTar  systems  are 

-  9  t 

described-fn  detail  for  effective* space  heating  with  a  solar -system. 

*  -  '  •  >\  \  *  ' ' 

The  different  modes  of  solar1' system  operation  are  explained  as  well  as  , 

>  «- 

*  the  function- of  auxili%ry  heating  units  in'the  systems.    Both  liquid-  and 

air-heating  collection  systems  are  described  as  to  materials, 

*  *  * 

components,  £nd  construction. 

-Domes tic-ho't  water  .heattng  sf^ems  can  be  integrated  into  both  air 

and  liquid  collection  loops  and  the  interfacing  methodology  is  "presented; 


'  o 
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Integration  of  heat  pumps  ihto'a-Solar  systeiti  is  explained  .but  there  is 
"insufficient  evidence  as  yet  to  determine  whether  heat  pumps s^MLa  be  * 
g$ed  as.  auxiliary  units  in  the  system  or  *be  operated  as  ^-so,lar*' 
assisted  heating  urvft  for  ^t he  building,  .  ' 

'MODULE        SOLAR  gPflCE  C05lIMG  SYSTEMS,  ^  *  v  " 

There  is  presently  only  one  type  of  space  cooling  unit  with  perform 

mance  data  for'  residential  buildings  and  ttiat  is  an  absorption  refriger-  "~ 

r  *        '  t  t  - 

attdn  machine/  Eva'porative  cooling,  and  radiative  cooling  methods  hav-e 

been  explored*  but  neither  use  so  Jar  energy /,and  are  limited  in  applica- 
tion to  specific  reqicrns  of  the  country.  \  \  '       '  ' 

Of  man^/  possible  refrigeration  systems  available, /Only  absorption 
systems  appearsto  be  economically  feasible  in  the  near-tecnf  and  the  t 

lithium-bromide-water  unit'iS  currently  the  only  commercially  available  * 
•  •  *\      "  *  , 

unit.*   Absorptipn  refrigeration  utilizing  a  1  tthium-bromi de-water  .cycle 

employing  a  coding  tower  is  explained,  as  well  as  the  operating  principles 

j  / 
fern. lithium-bromide  absorption  chillers.    Heat  pumps  in  .both  the  heating  > 

and  cooling  modes  are  described,  as  well  as  a. solar  Rankine-cycle  engine 
which  operates  with  solar-energy .  ,   ,  , 

An  evaporative  cooler  and  a  ^'Methylene  glycol  open-cycle  desiccant 
sys^i  which  cools  aj-Wby  d'ehWidification  ,can  be  .integrated  ihto-an  air- 
heating  solfar  system.    A^possible,  radiative  cooling  system  is  also  discussed 


IE  10.    SOLAR.  HEATING  AND  COOLING  SYSTEMS'    >  ' 
 ■  —  :  ' — —        ,  # 

*  A  space  cooling  system  in  conjunction -wi th  a  liquid-ideating  solar 

heating  system  is  described.  1  The:  cool ing  unft  Js  a  li.thiunubrdmidfe- 

*  *  *         ,  o         •     - ,     *      •      '  <    .  ; 

water  absorption  refrigeration  machine  and,- rftqui res*  additional 


.  components' such  as  a  cooling  tower,  chilled  water,  storage  tanfcs„  pumps'  "* 

•  "  ,      «     ,  '  •  .  ' 

.  andvassociate  piping,  valvesVand  pontrojs,   ■  ~  t;  ■ 

'  For  use  i rj "arid  or.  semi -and  regions  of  the  cbijntry -"Where  evaporative 

„    cooling  may  be*  employed,,  an  evaporator. cool ing  unvt  added  to  an  ai.r- 


heating  solar  system  is  described.    The  rock  bed  storage  unit  is  us^d 


.  4 

for  cool  -storage,. 


MODULE  11.    SOLAR. SYSTEM  CONTROLS 


^Il^e  purpose  of  controls  yi  a  solar  system  is  to-maximi2e  the  use  of 

■  solar  e'nergy  in  the  heating  and/or  xoql  inq  system.    Solar  sys.tem  'controls 

•  *  i  • 

*  >*  . 

ar£  automatic  so  that,  the  occupant  of  a. building  neeti  >QnTy  be  concerned. 

•  *  *         .V  ' 

with -setting  a  thermostat.    The  controls  conSi^st  of  f*elays  which  switch 

'  •       *  *      *  * 

electric  valfes  and  pumps  in  the  liquid  system  or  blowers  and  dampers 

^in  the  air  system,  in  respose  to  temperatuces  or.  temperature  f 

differences.  JtecorranendaJjons.  are  provided  for  thermfl^fat  types  artd  other' 


temperature  sensors  'and  locations .    '  '  . 

^  ■    The  control  logic  for  a*  hydronic  system  with  .temperature  sexisor 
settings    is  reviewed  as  to  the  sequence  of  events  in  bo4ih 'the  heating 
and  cooling  demand  modes.    The  control  tog-ic  for  ah  air  System  with  an     '  * 
evaporative  cooler  and  domestic  hot  water  heating  .system  ijs^also  indicated. 
To -incorporate  auxiliary  heat  control  into  £  solars  system,  ttie^pjump  Wf  \ 
Mower  must  be  actuated  from  a- con,tr:ol  center  r^her  than  jh>ect4y  1)> 
the  thermos  tat.  '<  .  *  -  ^    '.    ,  - " 

:.  '  •  * 

MODULE  12.    OPERATIONS  LABORATORY  '  < 


7 


jij_i^_pj 


.  •  The  operations  laboratory,  scheduled  for  the  midpotnt  >n  the  course,  , 
will  provider  the  trainees  with  some*  hands-on  experience' with  models  arid  * 
operating  solar  systems.    Useful  cheCk  lists,  are  prov.ided" to  identify ^areas 


\  . 


© .  '    .  -   •  60 
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where ..problem*  may  be  occurring.    Readings  are  given  in  sample  check 
-  li,sts  and  the/trainees  are  to  determine  ,if  the  systgm  is  operating  _ 
as  desired.    When  readings  indicate  a  malfunction  within ^the  system, 
the  trainees  *re  to  determine  the  source  .of  the  problem  and  corrective 
n   procedures.  " 


MQDULEJ  13.    HEATING  LOAD  CALCULATIONS  , 

'    Although  determining  the  building  heating  Idad  is  a  standard 
•        .         •  » 
procedure  in  -th^'HVAC  industry,  many  procedures  are  simplified  and    *  * 

approximate,  Because ,  to  size  a  furnace,  more -'detailed  procedures  are 

not* justified,,  However-,*  with  solar  systems,  the  approximate  procedures 
+  can  lead  to  large  system  costs  because  heating  loads  for  buildings  are  - 

generally  overestimated.  ^FoV:  the  purpose  of  sizing  solar  systems,  more  J 
-   detailed  heating  load  calculations  are  recommended  and  the  rewaYd  will  be 

an" economical  solar  systert.  -  . 

MODULE  14.    SOLAR- SYSTEM  SIzfNG 

.    Solar  systejns  are  sized  to  provide  a  major  fraotion  of  the 
total  annual  heating  load.    A  simple  procedure  based  on  average  conditions 
for  "typical"  air  and  hydrorpc  systems:"  is .  presented  to  calculate 
collector  area.  r  From  the  collector*  area  determined,  the  sizes  pf  other  \ 
components  are  established.    Rules  of  thumb  are  given  to  guide  the  user 
in  sizing  the'  entire  system  from  a^giverv  collector  area. 

Alternatively,  the.  fraction  of  annual  heating  load  supplied  by  the 

*  t  r 

solar  system  can  be  calculated  for  an  arbitrarily  .sized  collector  area. 
•  *  * 

'  ^  The  worksheets  provided  in  tlie' module  organize  the  calculations. 


■  •  •*  •      •  - ■  * 
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MODULE  15.  SYSTEM  ECONOMICS  .  /    Oa»  f- 

The  economics  of  solar  heating^ystems  depends  upon  the  first  cost^ 

of  systems,  conventional' energy- c6sts ,  inflation  rates,  mortgage  payments, 

property  tax,  insurance,  credits  on  income  Ip^e  rating  and -maintenance 
» 

.costs,  A  method  of  .life  cycle  cost  analysis  is  described  in  the  module 
to  compare  solar  with  nori-solar  systems.    When  the  cumulative  savings 
with  the  solar  system  is.  positive  over  the. lifetime  of  the  system,  the 
solar  .system  is  economically  viable.    The  largest  cumulative  savings 
among  various  sized  collector  systems 'is  the  one  that:is  optimum  for  the^> 
particular  installation.  >  .  §  , 


MODULE  16.  .SOLAR  SYSTEM  SIZING  CALCULATIONS  BY  TRAINEES,  .  • 

The  participants  are  provided  the 'opportunity  to  size  a  complete 
'system.    Considerable  freedom  is  $iven  in  choosing  the  example  problem 
fo£  practice  calculation,  with  .encouragement  given  to  choose  a  system 
*  for  the  participant's  hope-  location*  •  ^  \       '  ~ 

MODULE  17.  'COST  EFFECTIVENESS  T)F  ENERGY  CONSERVATION         ■  %!  \  a 

Energy  conservation  is  one  of  the  first  considerations,  .in  building  ' 

designs.    Reduction  of  window  area  in  a.house5  consistent  with" sensible    '  > 

natural  lighting  is  an  effective  energy  conserving  design,    Tnicker  ' 

insulation  in  the  walls  and  ceiling,  particularly  fon.jjew  buil&irhgs,  is 

a  cost-effective  energy  conservation*  measure.    Storm  windows  'and  doors, 

or  double-pane  windows  will  help  to  reduce  heat  losses,  and  reduction 

of  heat  l&sses  will  result  in  a  smaller  overall  system  svze/and  \lower 
*  •%  * 

first  cost.         ,  TV 


MODULE  18.  RETROFIT  CONSIDERATIONS  •  ' 

'  ♦  -, 

Retrofit  iijptal lations  of  solar  systems  is  a  growing  concern  in 
areas  where  home. heating  costs,  using  electricity,  'propane  or  fuel  oils, 
afre  becoming  larger  each  year,    The  costs  of  retrefit  installations  are  , 
in  general  larger  than  installations  for  new  buildings  because  struttural 
support  fop  the  col  lectors,  is  an -added  system^ost.    In  homes' where%  « 
electricity  is  used  for  heating  and  electricity  cost  is  high,  solar  systems 
should  be  considered.    Whether  a  solar  system  is*econom.i easily  viable* 
to  fnstall'  in  an  existing  house  depends  Upon  a^jreat  many 'factors,  and 

* 

each  installation  will  require  careful  physical  and  economic  appraisal. 

MODULE  19.    SCHEDULING  OF  SOLAR  INSTALLATIONS 
 *  ;  •  

*  * 

The  scheduling  of  sequential  and  concurrent  activities  in  installing 

solar  systems^in  new  buildings  depends  upon  the  type  of  system.  Although 

r  -     '  /  '  ' 

critical  path  methods  (CPM)  are  not  generally  needed  for  single  home 

>f    '  *     •  >   

construction,  a  CPM  is  used  to  discuss  the  scheduling  of  both  liquid 

and  air-heating  solar  systems. 

^MODULE  20.    CONSTRAINTS  AMD  INCENTIVES  •      .  f 

"  In  addition  to  general  lack  of  understanding  of  the  technical  and 
economic  aspects  of  solar  heating  and  cooling  systems,  which,  is  a  serious 
constraint  to  more  w>de-spread  use  of.solaj1  systems,  there  are  several  * 
other  constraints.    Because  of  the  newness  in  applying  solar  energy  to 
space  heating  and  coding,  equipment  manufacturers  are  venturing  slowly 
*  into  the  industry.    There  is\ack  of  system  performance  standards  and 
certification  and  generally  lack  of  information  on  durability  and 
marketability.'  TheSe  and  other  factors  are~howeyer  rapidly  changing. 
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o 

^Because  there  is  genejaMack  of  information,  the  financial 

institutions  are  viewing  the  sfflar  industry  with  cauuxm.  There^are 

however  some  governmental  incentives  being  created  in  many  states  in 

_ suppressing  property  taxes  on  solar  systems,  and  providing  credit  on 

income  taxes.    The  federal  gevernment  Tis  accelerating  efforts  in 

#» 

research  and  development  of  better  systems  and  demonstraiing  many  differ- 
ent  systems  in  all  sectors  of  the  country.    THe  factors  are  highly 
variable  and  changing  rapidl\  so  that  the  information  in  this^module 
1  will  likely  be  outdated  very  cftickly.  ^  - 

MODULE"  21.  'BUYER'S  .GUIDE  .  :  ' 

In  order  that  i nteTTTgefrfe ' selection  of  equipment  can  be  made,' 
knowledge  of  standards,,  equipment  warranties,  performance  evaluation 
data,  building  codes  and  their  relation  to  sol'a'r  equipment  a/id  related 
topics  is  necessary.    If  evaluations  h&ve  been  performed',  their  results 
,rieed'to  be  available  to  the  supplier/and  user.    The  kinds  of  data  enquired 
for  such  appraisal  must  be  understood.    The  adyantages  and  disadvantages 
of  the  main  system  types  for  a  specific  appl ication  .are  particularly 
*  important.    Knowledge  of  the  types  of  "hardware  available,,  their  cost,  «  . 

t  <9 

-  and  compatibility  with  other /components  in  the  system* is  Essential. 
,  fIn  addition,  their  involvement  in  building  codes,  a,nd  such  items  as 

safety  and  durabi I ity' are  additional  guides  for  equipment  evaluation 

and*  selection . 

\  /  -  -  - 

f 

'    '        /  +     '  . 

MODULE  ^T.    FUTURE/&ROSPECTS  FOR  SOLAR  HEATING  AND  COOLING  SYSTEMS 

5any  new  types  of*  equipment  for  solar  heatinq  and  cooling  systems 
"are  undergoing  research,  development  and  testing.    Some  are  also  beinq 
demon^ira^eci.    Collectors  are  the  largest  single  cost  item  for  solar    '  * 
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systems  and  much  effort  is  being  devoted  to. develop  more  efficient  and 
at  the  same  time  less  expensive  collectors.    Among  the  many  prospects,- 
there  are. at  least  four -different  types  of  ^evacuated  tube  collectors 
that  are  being  tested.    Concentrating  collects  are  also  under 
development^.  •  \  , 

In  addition  tb  collectors,  heat  storage  units,  particularly  latent 
heat  storage  materials,  are  being  tested.    A  direct  contact  "|iqu^^_ 
to-Tiquid  heat  exchanger  and  storage  unit  as  well  as  methods  to  enhance 
temperature  stratification  TrT^torage  are  being  researched. 

Redesign  of,  heat -•pumps  for  heating  using  solar  assistance  has 

* 

been  initiated  by  at  least  one  manufacturer,    and  solar  cooling  units 
utilizing  high  temperature  heat  from  improved  collectors,  as  well  as 
absorber  chiller?  using  different  fluids  are  underqoing  development. 
Whether  any  or^all  of  the  new  solar  components  will  become  practical 
depends  upon  many  factors*.    Solar  equipment  installers  should  be  awar^ 
of  the  development  effort,  and  hopefully,  much  of  the  system  developments 
will  be-directfed  to  practical  applications.^ 


•     '         TRAINING  C&URSE  IN 

\ 

*  THE  PRACTICAL  ASPECTS  OF 

^SIZING»  INSTALLATION,  AND  OPERATION  OF  SOLAR'  HEATING  AND  COOLING  SYSTEMS' 
'  .  FOR  * 
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'      •  •       ^    INTRODUCTION   -     '  #  •  .  -        '  . 


The*  purpose  of  ^his  module  is  to'  identify  the  types  ^f  solar  Seating 

..         *  *  .   ,  *  .  ^ 

and' cooling  systems  that  ar^ava'fclabl.e  and  in  current  use^'and  tV^plain 

L-f  .\  «  '         a   ■  *     '  r  ( 

l*  the*basic  function  of  the  systfems  and  their  Key  components.    Different        ,   \  \ 

' jr        ,  \      '         .  i  I    ;        *  — 

types  of  solar  heating  and/or  cooking  .systems,  such  as,  active  snd  passi-ve    ^    *  -1 

*?•         .    *  '      V      ^ ,  'fi  *  •  **  < ..  Ifc 

-  systems,  and-air  and  liquid  systems  are  explained.    Irr  •aWditron,,  variationS^fc- 
in  control  methods  %an£j||y>  of  .interfacing  the  elements  o^a  complete  f  ,  ^ 


system  are  described, 


OBJECTIVE 


'  *      fit  "the  end  of  th*i"$  module,' £he  trainee  should  be  able  to: 

1.     Recognise  the  features  which  distinguish  active  and  passive 
•  ~  solar'heating  ^ysteHS',     •  ^ 

'      ^  2.     Identify  tbe  principal,  charade ri sties  of  ,air-heatimj  and 
t  v      -        liquid-heating  sol  a  \  heating  and  cool  ijig  .systems, 


V 


g  sqi arv  neat 

■-  *'  —  -   —  ^  ^  V 


3,     Identify  and  describe  the^basfc  .functiorf  of  key  components!  £^  ^  '  ^ 

*   1  of/S^solar  heating  and  cao-ling  system,       ^  #   y  . 

.  *  .  ♦  >:      ..i^,/  c  ' 

4>  "  Describe  the  expected  perfqn^ce,  of  different  types  of 

\  • 
j."     v.    sol^r  s v^ltems ,  and  .  *  -w' 

'  -  .  #  5.-,  Recognize  aclvantages^and  c^tctvantePges  of  different  'designs 
^of  components  and  Systems,  *    *  • 


SOLAR  'hS^TINO^ND  COOLINS^SrSTEMSV 


*k^jlr  heafing  and/or  cooling  system' can  be,  defined  as  any  system 
"  whix:h  utilizes  solav'  energy  to'heat  and/or  cool  a  building,  although  a 
distinction  .is  often  made  between  "active"  and  "passive"  sysTems.  A  passive 


f)-yy  ■}}-})  :-Hf  }k 


ft 
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system  can  be  defined  «  ffl^ng  no  mpvincj  parts,  aUhoug^it^may  involve 
natural  drculatioq  oftptrnd  to  tfie  teated- space..  A ,south-'facing-window 
or  a  starlight  which  transmits  sunlight  can  be  consi^red  a  passive  sys-« 

ttfm  if  it  admits  more^^rgy  than  it  loses  as  heftt/   Another  type  of  "  ; 

^  v  >  a 

passive  system  may  involve  movable  insulation  material  whiph  reduces 


heat  loss  from  solar  absorber  surfaces  when  there  i 


sunshine.  In 


r. 


contrast  to  a  passive  system,  an  actiVe  system  inyol\fes  hardware  to 
collect  solar  ener.gy,  store  heat,  ancl  distribute  the  heat  to-the  rooms  \ 
%  in  a  building.  , 

-  Passive  systems  are  not  -included  in  this  course  because  there  is 
very  little  known  about' the  design  and  performance  of  such  "systems.  The 
eqphasis  in -this  course  is  on  active  solar  systems  which  provide  control- 
led ,coflection*and  distribution  of  solar  h&&.    Actrve  systems  can  be 


\  integrated  directly  into  conventional  HVAC  system^  in  buildings, 

j  '  *  ,  '       -       \        '  *  <  '« 

Fj-gure  3-1  is  a  schematic  drawing  of  an  active  so]ar  heating  find 

^  cool irrg  \y Stem,  representati ve.  of  those  available  today.    The  key  ele- 

•  J  ments  are  &  solar  .col lector,  a  hel^storage  unit,  an  auxiliary  furnace,* 

\a  heat-transfer*  circuit  (pumps-,  blowers,  etc.)  ,t  ^methoifof  delivering 

tiQa^to  the  house,  and -a  cooling  machine  for  space  cooling.    In- addition, 


'many  solar  systems  include  facilities  for  providing  solar  heat  'to  the 


ERLC 


domestic  hot  .water  system.,  ,  v 

^      Operationally , 'the  solar. col  lector  intercepts  solar -radiation, 
converts  jt'Jto  heat  and;  -utilizing  some^heat-transfer*.  fluid  J  transfers  1 

*     "  .    •  *  '      -* '  ;; \  \  '  .  I 

the  collected  energy  to  a  thermal  storage  unit  (,Qr#  in  some  cases,     '  . 

.& 

directly  to  the  heating  load).    The*th*ermal  storage  unit  is  an  essential  * 

a  „ ' '     a  • 

element  .because  it  provides  for  the  use  of^ol  a  r1  generated  heat  to  be 

<*-  ■  •  •  '  '   l    *  '  '     *  " 

available  during  periods  of  low  solar  radiation. anfi  at  .night.    In  gefieraL  < 

*  •    •  i  •  * 

the  solar  collector- and  thermal  storage  unit  can  operate  independently  o'f 

..     .  70    •   ,       .  •  ■ 
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ttFujure  3-1  .  .  Schematic  Drawing  of  a  Sol.ar  Heating  and  Cooling 
*    ■  System 


a'ny  heatir\g  or.  cool ing  requi rement,  and  can  be  collecting  and  storing. 
.    Jsol  ar  ^oefgy  whenever  there  is  sufficient  incident,  solar  radia'tion. 

1  4     -    An  auxiliary  furnace' is  required  a,s  a  back  up  to  the  heating/cool - 

'V    ,  ,  :  .  •  -         ■  •  , 

ing  system  for.  periods  of  the  year  when* the ^tflar  collector/thermal  « 

'storage* subsystem  is  unable -to  meet  the  heating^cool  ing  demands.  While 

"    the  solat^collector  couTjj  be  sized  large  enough  to  provide  the  full 

'  *     >'  *  '  >""  '  ■  '      *  " 

Seating  load  throughout  the  year*  this  is  not  as  economics)  /as^ali  auxiliary 


Assisted* Sy'stew.    It  js  prefera|)l,e*^have  an. auxiliary  furnace  or  boiler  ' 

•  * .       .        v  .    •    ,      * •  «  ..." 

capable  tif  meeting  the  full  heating/cooling  denta'nd  (at  design  conditions) 
* 

and  use  this  auxiliary  during  .perjods  of  high  heating/cooling  demands 
and  low  ,solar\  ava*ilabil  ity.  .    -  .    m  .  .  ♦ 

Heat  delivery  to  the4 bui lding  can  t)e/aceom[>l  ished  in*  several  ways% 
In' an  air>system  the  solar  heated  air  can  be  taken/tJi recti y  from 'either 


iken/tiir 


er|c. 


.  7f 


V 


the  solar  ao'llec tor  or  the  thermal  storage  unit  and  delivered  to  the 

.      ;  v  *         .  • 
building  by  utjliziag  a  hlowjet^nd  duct  distribution.    In  a  liquid 

*  **       "  * 

j^^tpm  a  1  i qui d^jjp^ir  heat  exchanged  can  be  used s to  provide  heat  to, 

,  a  central  .air  distribution  system,  err  the  liquid  can  be  piped  directly 

to  the^  heated  sfaee;  where 'separate  fan  coil>  units  can  be  used  to  heat 

*  ^^"^ ,  *  **       ♦  ,<  <* 

the  building,  )  # ,    >    .  -  . 

>A -number  of  diVfereRt  methods  cah  ,be~used  for  cooling.  *  These  in- 


elude  absorptipn  cooling  units  (both  lithium-bromide  and  ammonia -water 
systems),  Rankine  cycle  vapor-compression,  and  others.    (However, -oftly 

the  1 ithium-bromfde  absorption  unit  i$,  commercially'TvailatjJle  *and  it'-.x 

;  ;  V  •  '  "  •  .  ■  '     4    '  ,  / 

has  been  used  only  in  experimental  install ationsfJ*)    Alternatively,  a 

•  r       •  • %        ,  *  *  *  * 

hear  pump  'migttt  *be  «util  ized  as  a  conventional  "Cooking  unit  {powered  by, 
electricity)  and^used  as  the  auxiliary  for  the -sotlAr>  spape  heating 

•V  *       ,  7.   '  ^  ■  :         ■  /  ' .  ,       *  ;  \;  * 

system.     .  ^    Jr  '  1  «       .  ■      /  .";,<,.     %  V'    '  '  • 

>     Figure  3-2  js  a  typical  schematic  drawing  shqwing  the  arrangement  - 

-  '*  \  m 

of  components-'fQr  util izing -sol ar 'heat  ,in  a'domestic  hot  water-system 

•     *v  *  *  ,  "    -_  * 

(DHW).    Solar  energy  from  a  col 3ectoV6r  h  thermal' storage  unit  is"  used 

• » 

to  preheat  the  "domestic  hot  v/ater  avail  efble  from  the  coVd  water  main.  * 
As  hot  water  is'u^ed  in  ith^'bui^di ng,  the  preheated  water  replaces  the 
hot  water'taken  oyt  of  the  auxiliary  hot  v/ater  tank.    Conventional  fuels 
such*  as  .gas  oreljectpci  ty  are  used  to  boost  the  temperature  of  the  - 

*  i 

preheated*  watei*  to  the  desired,  temperature  (^.g.,  U0°F),  and/oc  to 
maintain. the  temperature  of  the  water  remaining  Hn  the  auxiliary  tank 
at  the  desired  temperature.    During  the  summer  a  solar-  thermal  storage 
unit,  provided/as  part  of  the  heating  and'coolin^  system  can  "normally 


mee^one-'hundjed  percent  of  the  dofites tic  hot  water  1  dadt.  %  +K 

^  In  ad<jVtTon  to  the  components  'of  conventional  heating  and/or  cboling 
systems  normally  required  to  meet  the  hating  and  cjboling  loads,  a  solar 
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.  Figure  3-2.  *  Schematic  Arrangement  t)f 4 a  Domestic -Hot^Water  (DHW), 
■  v  '    Subsystem    >  v 

stystem  requires  tHe^addition  bf'solar  collectors,  therfhal  storage  units, 


,  OHW  preheat  tanks,  some'  additional  'plumbing/sheet  metal  work,  and  more 
•extensive  c^trtT^^sysii^m^^ ,  J^emphay?  pf  .this  course'v/iil  be  to  pro- 
vid^%he  Retails  of  *these  additions  to  ttfe  conv^nti'ona]  systems  >andthe, 
1  interfaces  between  the  solar  subsystem  ahd  £he<  conventional  HV/^C' components. 
Of  the  additk>aal  soTar  components,  the  jnost  important  1is  the  solar;  collec- 


tor.  ' 


•  SOLAR-COLLECTORS     /  > 

v  »  — 

*  '     A  sblar  collector  is  a  device  to  convert  incident  solar*  radtation  to 
use'ful  energy,  ffsual ly.  ifi'the  .form*of  heated  air*  orNifi^d  ljqui-d.  Figures 
3-3  .anej  3-4  show  examples  of  1  iquid-*t/pe^and  air-type  solar  collectors 


used  in  solar  heating  and  cool  ing^systems. 
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Figure  ?-3.    Solar  Col  lecto^Sc  hematic  (Lflfuid) 
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•  Figure  Solar  Awr  Heating  C»11ec\fqr 


absorber  .pi ate,  affe  therefore  designed  to  reduce  these^USt  losses  from 


Each  collector  consists  of  ar^absorber  plate  (commonly  a  blackened 
metal  surface)  which  'absorbs  the  incident  solar  radiation  and  concerts  . 
theTsolar  energy  to  heat.    The  heat  in  the  absorber  plate  is  .transferred 
to  ary: appropriate  'heat  transfer  fluid  wfoich  passes  through  the  Absorber  . 
plate  and1  deli  vers 'thereat  to. another  part  of  the  system.    In  the  pro- 
cess of  collecting  energy,  the  heated  absorber  plate  will  tend  to  lose 
heat  to>the  surroundings.  -The  solar  collector  components  other^than  the 

f 

the  collector,  x  <^  * 

fleattnay  be  lost  fcom  the  absorber  plate  by  radiation,  conduction, 
and/or  connection.    Insulation  beneath  the  absorber^nd  the  transparent 
&r$^  above  reduce  thereat  loss  from. all  three  methods.    Glass  covers, 
example^  are  opaque  to  the  thecal  radiation  emitted  from  the  absorber 
plate  and'also  reduce  convection  losses  due  to  air  movement  across  the  * 
absorber.-  The  air  space  b.etween  the  absorber  plate  and  cover  Jfcts  to 
reduce  conduction  losfses  between  these  two  components. 

^Jhe- col  lectors  in  Figure  3-3  and  3A4  are  flat-plate  solar  collectors  • 

and  represent  commercially  available  typ^s.    They  are  called  flat-plate. 

\  >      ,  '  \ 

collectors  t6  distinguish  them  from  concentrating  collectors,  which  ^gather 

salar  cadiatiofi  over  a  large  aperture  area\and  focus  the  radiation  ontca 

smal  1  ep  absorber  area,    two  examples  of' concentrating  sol ar  collectors  of 

the  reflecting  ty$e  are  shown* in  Figure  3-5,  arid  a  transmitting  lens  typ£ 

■ 

is  Shown  in  Module  22,  Figure  _22-3.    The  purpose  of  a  concentrating  col- 
'lector*  is*to  obtain  fluid  at*a  l^^er  temperature  than  possible  in  a 
flat-()l^te  type,  even  t"bouqh>.the  quantity  of  heatt  gained  is  nearly1  the 
same-  as*for*a  f lat-.jiMite  collector  wi th  the  same  aperture  area.  **«-v\ 

A  technical  diW(|yantf*ge  of  a  concentrating  solar,  collector  is  that... 

'    *s  *  y   "  .  ./' 

.only  »the  'dy;ect  solar, Radiation  can  be  used.„x  Diffuse  solar  radiation, 


resulting  from  reflections  from  the  earth  and-sky,  ca/inot  be  focused  (see 
Figure  3r6)/>ln  addition „  the  concentrating  sol^  collector  must  track 
the  sutl  throughout  t^e  day  for  greatest  effectiveness.    The  e/pense  of 
construction,  Operation,  and  maintenance  of  a -rotating,  tracking  "collecto 
is  usually  much  too  high  for  the  use  of  this  form  orf  solar  energy,  co.l lec- 
tor  in  solar  heating  and/or  .cool  ing  systems,  * 


PIRECT  SOLAR 

\  RADIATION 


Figure  3-6."  Direct  and  Diffuse  RadTation  onjt  Solar^Xoncentrator 


"*A  rather  distinct  type  of  flat-plate  collector,  described  in^Module 
22,  comprises. 4a  glass  tube  surrounding  a* flat  qr  cylindrical  absorbing 
surface.    As  shown  in  Figures  22-1  and  22-2,  a  high  vacuum  insjde,  the 
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s 


tube  minimizes  heat  losses 'from  these  collectors.    There  is  no  ctfncen- 
tration  of  radiatipn  in  this  tyfle,  but  delivery  temperatures  may  be  con- 
siderably higher  than  usually  obtained  in  typical  flat  collectors. 

THERMAL  STORAGE. UNITS 

Because  of  variations'  in  si>lar  radiation  and^atmospheric  temperature 


and  the  resulting  non-correspondence  between  available  solar  heating  and  " 
'  heating  load  deraand,  someN  Tofrtfc#f  energyt  storage  is  required.  This  energy 
t  storage  requirement  is  most  economically  provided  for  by  some  form  of 

thermal  storage,  i.e.,  s^ptfage  oi  heat  (or  cool )  for  heating  and  cooling 

*    •  f 

systems.    The  types  of  thermal  storage  units  which  misfit  be  utilized  are 
quite  extensi-ve;  but,  because  of  simplicity,  and  economy,  most  commercial  - 
*  solar  systems  utilize  either  hot  water  sj^prage  for  the  liquid  system  or  ^ 
pebble-bed  storage  for  air  systems. 

»  to 

It  is  technically  possible  to  store  heat  in*  scrap  metal,  eutectic 
salts^waxes,  ceramic  bricks,  etc.    Scrap  metal  or  bricks  store  sensible 
heat  and  could  be  used  in  place  of  a  pebble-bed  unit/    Generally,  however, 
rocks  are  the  least  expensive  material.    Chemical  storage  using  several 
.types  of  chemical  compounds  and  waxes  can  store  heat  by  using  the  latent 
heat  of  phase  changes  between  a  soVid  arid  liquid,  rather  than  sensible 
heat  storage,  stich  as*  raising  the  temperature  of  water.    Because  the  heat 
required  to  melt  a  solid  and  subsequently  delivered  when  the -molten 
u    material  resolidifies  is  considerably  greater  than  the  heat  involved  in 
changing  the  temperature  of  an  e^qual  mass  Of  water  or  rocks  fifty  ^degrees 
o*  so,  a  phase-change  heat  storage  unit  can  be  much  smaller  than  the 
other  types.    However, "because  of  technical  difficulties  and  economic 


disadvantages,  phase-change  storage  materials  are  not«re*dy  for  practical 
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use  in  solar  heating  and  cooling  systems.  For  our  purposes  we  wilj'con 
centra te  on  hot  water  and  pebbl e-bed. thermal  'storage  units. 

»  > 
OPERATING  MODES  -  AIR  SYSTEMS 

The  collection  and  storage  of  solar-generated  heat  can  be  accom-J 
plished  in  a  variety  of  ways*    An  example  of  a  solar  heating  system  is 
shown  in  Figure.  3-7/   The  components  of  this-typical  unit  include:  (1) 
a  fixed  solar  air-heating  collector  have  a  flat  absorber  and  heat 
exchanger  plate;  (2)  a  pebble-bed  heat  storage  unit  to  and  from  which 
heat  is  transferred  by  circulating  air  through  the  bed;  (3)  a  contrQl 
unit  which  includes  'the  sensors  and  control  logic  necessary  to  automati 
cally  maintain  comfort  conditions  at  all  times;  (4)  an  air  handling 
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Figure  3-7.    Solar  Air  Heating  System 
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module  comprising  automatic  dampers,  filters*  and  blower(s);  (5)*<a  solar 
\ 

hot  water  heater  consisting  of  an  air-to-water  heat  exchanger  and  a  pre- 

*heat  storage  tank  connected  to<an -auxiliary  hot  water 'heater ;  amt^)  an 

auxiliary  heating  unit  (usually  a  warm-air  furnace)  to  pr,ov,ide  one        *  • 

hundred  percent  back-up  space  heating  when 'storage  temperatures  are 

insufficient  to  meet  demands  or  when  the  solar  system  is  not  operating^  - 

In  the  air  heating  system  the  collector  absorbs  solar  radiation- and 

t 

converts  it  to  heated  air  for  space  heating.    Circulation  is  from  the 
solar  system  tp  the  building  fn  the  same  manner  as  in  most  modern  warm  * 
air  heating  systems.    Air  is  ci rcul ated-from  one  end. of  the  collector  to 
tlie  other,  its  temperature  normally  rising  from  70,  degrees  to  130  to  150 
degrees  during  the  rpid-part  of  the  day.    The  building  is»he^ted  directly 
from  the  collector  whenever  heating  is  needed  during  sunny  periods,  as. 
shown  in  Figure  3-8,    Cool  air  from  the  building  is  returned  to  the 
collector  for  reheating, 

The  heat  storage  unit  utilizes  the  heat?  exchange'  and.  hea-t  storage 
characteristics  of  dry  pebbles,  the  most  practical  storage  mediutp  for  . 

#  use  with  air  heating  collectors.    When  heat  \^  not  needed  in  the  buiTding, 
solar  heated  air  is  routed  through  ther  stora-ge  un\t,as  in  Figure  3*9, 

<   thereby  heatr^ig  the  pebbles;  the  cool  air,  usually  at  70PF,  returns  to  the 

collector  for  reheating.    Temperature  stratification  in  the  storage  unit 

^assures  maximum*heat  recov^fy  from  the  solaKair  co.lleetorv    -In. the 

evening  and  night-time,  hotifs ,  heat'is  delivered  to  the  rooms  by  cirdhat- 

♦ 

ing  air  fr<3in  the  building  through  »the  pebble -bed*,  as  in  Figure  3-10. 

Becauselof  temperature  stratification  in  the  sto/age  unit,  this  mode 

.     '     m  .  '       •  t^  -         i     .  . 

^provides  heat  to  the  rooms  at  the  highest  available  temperature.  .The 

#  system  automatically  provides  auxiliary  heating  from  fuel  or'electrici ty 

1      •      '  * 

when  solar  heat  is  not  available  from  Either -the  collector  or*  storage.- 
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Figure  3*-10.„  Heating  from  Storage 


♦       Domestic  hqt^  water  can  be  mad§  available  by  inserting  a  hot  water 
fjeat  exchanger  in'the  hot  air  dufct  from  the  collector^  (Figure  3-11). * 
Thus 'solar:  energy  can  provide  preheated^ater  whenever  tjie?  collector 
is  m'pperation.,  *      ^  ' 

At  the  present  time,  no  cool  ing  equipment  is  commercially  available 
for  operation  by  means  of  solar  heated  air. 


*  '  OPERATING  MODES  -  LIQUID  SYStEMS 

\  '  The  connection  between  the  solarr  collector  and  the  therma]  storage 
ynit  may  be  more^compl  icated  in  a  1  i qui d  "system  than  iji  an*  air  system. 


The- compl i-catiQn  is  due  to  factors  such  as  corrosion,  freezing,  and  the 
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Figure  3*11.    So.lar  Heat>hg  of  Domestic  Hot, Water 


use 


of  diVfergnt  fluids  in^ different  16ors.~    In  nearly  all  practical 
'•liqui-d  systems;,  heat,  is  stored  as  hot  water  in  a  well-i*nsulated_  tank. 

/.  .     *   ,        water  is  ased  inrthe  "solar  collectors' in*  a  cold~cl  ifnate,  some 

'      *  *   /  \  *  ~        *  *  *  .      .      -  * 

freeze  protection  piethod  jjitist  tie  used.^  IJje  most  direct  method  is  to-^ 

".-allow  the  col  lector  to  drain  into  the  storage  tank  whenever  the^-pump  turns 

\\  offi   One  version^of  this*methpd  is  shown  in  Figur^  3-12,  where  water  i,s*. 

the  storage  medium  asjwell*    When  the^  solar  intensity  is.  sufficient  for 

4  •    v  \  "    1  *     -    "         \    *    K      ,  *      \  ;'**'- 

he&t  collection, ,  a  pump"  circulates  water -[through  the  collectors' and  the, 

"  •     .     y  «<  ^    -v    •     *      .  • 

<*    thermal  storage  <jn  it.  "When  the  pump  shuts  off the  water  "in  the  col'l'ector 

^rajnjnnto-  th£  storage"  tank.    A  vent  is  provided  at  the  top  of  the  col-  ' 

lector  so  that  air  can  epter        collector  tubes  as  water  drains  out-. 
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Figure  3-12.    Solar  Collector  Subsystem  Schematic       '•   •  - 
'     "  *      *       ("Liquid  System)  •    •  ■  1  . 

Figure  3-13shows  dn  alternate  methud  wherein  ethylene'' glycol  (antt- 
freeze)  is  used  with  water  in  the  collector  loops    To  avoid  the  cost  qf 
a  large  quantity  of  'glycol-  in  the  storage  liquid  (approximately  250 
gallons4  or  more  of -antifreeze) ,  a  heat  exchanger  is  inserted  between  thef 

collector  and  storage  tank.    An  additional  pump.Js  usually  required, 

*       *  ■  *<  - 

depending. .on  the  location  and  type  of  heat  exchange/. 

~Tfie  advantage  of  this  de^fgrt  is  that  there JsJno-  risk^o'f  freezing.  . 
(and  damage)  fromr  improper  col  lector  draining  or  verkfncj;*  nor\1roip 
corrosio,n  caused' by  the  alternating  exposure  of  the  colT£t*ttfr  tube's^  to 
water  ^and  air.    The  pdsslbil  i^^^corrpsionv  and  freezing  (in  TigQre  3-12) 
can  this  be  -corflparetl  with  the  cost  penalty  of  th£  exchanger^  pump  v,  and 
additional  piping"  foi:  the  design*  in  figure  3-13.     .  - 
*  4    A  more  significant  factor, is  the  "driving  temperature'1  across  the 
heat  exchanger.  *  Typically  the'-coTlectbr,  fluid  Operates  10  to  jBegr-ees 
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.     "    m     figure  3-13.    Collector  Loop  with  Heat  Exchanger" 
.  hotter,  tharr  storage.    This -higher  temperature  results  in  a  decrease  in 


collector  efficiency.  'These"* factors  will  be  di$Gussed,in  more  detail  in 
t;he  section*  on  solar'collectors.   ,  A  *     •  A 

Another  important  consideration  involving  the  system  in  Figure ^3-1 3 
\s  the  effect  of  a  power  failure^  In  thi^  event,  circulation  ceases  and, 
usua-lly  4n  a.  few  minutes ,  the  col  lector^fluid  begins  to  boil.    A  pressure 
relief  mechanism  should  always  be  included  in- the  systeiu  so  ..that,  over- 
pressure  will  not  occur  and  the  steam  tan  escape.    The  pro ^IwXoc curs 
when  the  pow.er  returns  and  there  is 'insufficient  fluid  in  the  collector 
loop  to  prime  the,  pump  %nd*'achieve  circulation.    Figurev.3-14  is;  designed 
to  partially  al1e\iate  fehis  problem  by  providing  make-up  water  (either 

from  a  tank  or* 'directly  from  the  .water  supply),  but  loss  of  antifreeze* 

.        \+  /  ' 

may  require  manual  addition,  /  *J  , 


VENT 


.'  FLOW 


HEAT 
EXCHANGER 


COLLECTOR 
PUMP 


MAKE  UP 
.  WATER 


FLOW 


SOLAR 
THERM/fL 
STORAGE 


HEAT  EXCHANGER 
PUMP 


Figure  3414.  *  Collector  Loop  with  Make-Up  Water  Supply 
.  <  1  *  -   •  '    1  } 

'  *  SPACEr  SEATING  AND  COOLING  -  -DISTRIBUTION 


.  Distribution  of  solar  heatecf  and  cooled  air  in  a  building  can  be 
the  sameasin  any  otheY  .cbmmerGial  heating/cooling  system.    In  ^hydronic" 

Hypes water  cari.be  piped'from  storage  to  coils  imbeddad  in  floors  or 
teili.njSr  (radiant  heating)  or  to  "radiators"- or  fati-coil  units;  in 
individual  rooiifr.    The  operating 'temperature  requirements  of  baseboard 

fehot  Yrater  heating  are  usuaily  too  ^high,  for  use  with  a  sol  ar  system,  unless 


dual  baseboard ^circuits  are  provided;  ©ne  -for  th&  solar  -heated,  water *and 
oneVfor  conventional  heading.  *Bul  most,  solar  heating  systems  employ 
central  forced  ai<r  distribution,    fclot  water  from  the  solar  storage*  tank 
is  pipe*  to  a  heatifjg  coil  (Figure  3-15)  ih  which  circulating  air  picks 
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'Figure  3-15,   .Solar  Heat  to  Distribution*  System 


up  the  Keat  for  delivery  to  the  rooms.  ;Fo.r  cool-ing ,v  hot  water  from  the 
solai;  storage  tanlfcan  be  piped  to  in  ajr  condi^oj^^^where  it  provides 
/  .   the  energy  to  operate  a  lithi-um  Bronide  .abscTrption  c'oolirvg  un-it.    An/  " 
..evaporator  coil  in,  the  air^duct  cools  and  dehumidifies  the  circulating 

•     :  .     A     .    .     .  • . 

Besides  heating  and' cool ing  the  house,  solar  energy  may  be  used  to 


air.. 


^^r^de  most, of  the  domestic  hot  Wta^j^eds  (Figure  3-2).  'Water  from 
a  cold  water  marn  enters  the  preheaftank  from.y/hich  it  is  circulated^ 
through  a  heat  exchanger,  where  it  is  heated  by  hot  water  .from  the  solar 
storage  tank.    When^a  hot  water  faucet  ."is.  opened,  water  fronr  the  preheat 

.  *    '  :  •  -  •         •  •       \        '  +     %  : 

tank  enters  a -conventional  gas  or,  electric  hot  waterpieater  where*  tf\e 
water  temperature  caif  be  increased  (if.  needed)  before  parsing  to  the 
,  distribution  -piping. 


AUXILIARY  UNITS 


,  1  'During  cloudy  p'eriods  and  in^Midw  inter,  the  solar  system  may  not  be 
able  to. meet  all  of  the  heating  or  "cool inq,  needs  Of  the  building.    With  a 


liquid  system,  a  conventional /fiot  water  boiler  may  bp  provided^o,  supply 
part  |r  all  oi  the  heating  <Jr\ooling  requirements  during  ySese  periods. 
If  the  temperature  in  the  so/latr  storage  tan"k  drops  "below  a  preset  point  ' 
(e.g.,  100°F  for  heatliig^yffl}0^  for  cooling),  the  auxiliary  ^oiler  auto- 
matically  supplies  hot  water  to  the  Jieating  coils -pr  the  air  conditioning 
unit. 


A  warm  air  furn 


■  V  '  ■■ 

jrn^e  m$y ,be 


be?  usedjjp\supplying  auxiliary  h^at  (not 


unable  Vor, cool  ingK  if  .the  building-is  provided  with  a  warrrBfeir  heating 


system.    This  form  of  auxiliary  heat  is^nearly  always  used^ith  air 


collectors  and  pebble  storage^  and  isofterfthe  choice  when  liquid 

r      *         .  -  ^  .  V         ■  - 

collectors,  and  liquid-to-air  heat  exchanges  am  employed,    T£e  furnace 

•  9  -'<-/:'     ,  * 

^iay  als\)  be  replaced  by  an, air-to-air  Jieat^imp  in  air  systems.  % 
)     'In:  a -solar  heating  and  cool  ing  system,  the  ai^ciliary  uqit;  supplies, 
energy  for  both  the'-teating  and  coo-Tirjg  functions ,*and  operates  as  a 
VeplacemenVr;  .if  solar  hfeat  ir  unavailable '(either. from  the  collector  . 
or  from  storage),  the'auxil        delivers  "heat- for  the  entire*  load. 
Heating  or  cool  in'g  js  accomplished*  either'with  solar  or  auxiliary  energy  i 
(Figure'  3-16 -a).    An  alternative  i$  to  use  the  auxiliary  to  "boost"  the  # 

.  temperature  of  the  solar  heated  fluid  fair  gr  water)'  as  In  fcigUre  3,-16-b. 

J*biS  arrangeme'ntM's  ideal  for'an  aij>*istributT^n  ^ysteiti/but  should  not. 


be  used  in  9  water  loop. 
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Figure;  3-16-b.-    Typical  Air  Sys-tenrllse  of  Auxil  iary' 

*' 

/  ♦    autSJ&jj)  oj^trols  • 


To  control  the  temperature  in  a  conventionally  heated  hflme;  the 
hom£)wner  needs  only  to  set^the  ^thermostat.    The  samel'fs  true        a  well 
designed  solar  beating  and/or 'cooling  system.    Howeven,  the'  car>trVls  for 
solar  heating  and  cooling  are  necessarily  moVe  complex  than  in'a  corrven-. 


\ 


tional  system,  because  they  must  control  collector  ana'. storage  -pumps'or 
blowers  and  automatic  valves  or  dampers-  In.  addition  to  the  usual  functions, 
'An  example  of  a  sol ar control  schematic  for  ^  domestic  hot  wate^  system -is 
¥  Shown  in j Figure  VI 7.      '   ■  *  * 

The/differontiaT  thermostat  sen^e^  -the  'difference' in  temperature  St'  » 

*  .  .  *  -  '  >        .  * 

;  cpllectpr -outlet  and  the  storage  tank.    When  th*i«s  difference  is. more  than  , 
*?  a  few  degrees;  the. circulating  pump  "Ts  operated.    The  high  set  .themes tat 
pr^QU  too  hltjh  a  temperature  in  the-preh^at  tank  by  interrupting  power 

a  |  P  *  *  I* 

to  (tbe  collector  pump.    A  .pressure*  relief  valve- prot  %ts  the  system  from  \ 
.  excesMve~pressure,  which^night  otherwise  develop  if  vherfe  is  no  c^iVcula- 
tiort 'through  the  collector  during. a# sunny  periods  "      ,      «  , 
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*  Figure  '3-17.    Typical  Solar  Hot  Water  Control  System   -  #7'^ 
,  •  •         .  r    «  .  "    •      «M  " 

«*'     Numeroirs  controllers  for'"solar  space  Jieat-uig* systems  -are. commercially^ 

available*. and  many  Zvar.ie  tie's,  of  control  circuits  and  methods  are  being  # 

,       S  f  '        %        -     .  '  ' 

used.    Design  of  control*  systems  requires  directions  from  the  manflfa'cturers: 
of  the»c'ontro1  \pmponents  and  experience  i* their  proper  inte'grati.oh  and  . 
adjustment.  *    •         •       .         '    "     -  - 
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GLOSSARY  OP  TERMS 


beam  rftdiationr 
Btu.  ' 

calorie 

diffuse  radiation 

direct  radiation 

infrared  light 

insolation 

latitude 

northern  hemisphere 
ozone  layer 

ultraviolet  light 
visible  light 


m,  .  ■*  <  ft 

.  See  "direct , radiation",  *  ■       /  • 

British  Thermal  Unit  -  the  heat  required  to. 
,raise  one  pound  of  water* one  degree  Fahreahett 


The  .heat  required  to  raise' one -gram  of  wa^gr 
one  degree 'Centigrade  ■  '  " 

'    *  * 

'   Radiation,  that  has  been  scattered  in  .passing 
through  the  atmosphere       •  * 

.  n 

Radiation  that  h'as*not  beer\5cattered  in 
passing-  through /the  atmosphere  ( 


9* 


light  of  low  energy^  abbreviated  "IR" 

The. solar  radiation  that  reaehe-s  earth 

The  distance,"  measured  in  "degrees, '  north, and 
south  from  the  equator  ,J  . 

The  half  of  the  Earth  torth  of  Jhe  equator 

A  layer  in  the  upper 'atmosphere  comprised 
primarily  of  the  g^s  ozojre  (O3) 


Liqhf  of  high  energy,  abbreviated  ':UV" 
*  %  Light  of  intermediate  energy- 


INTRODUCTION 
* 


Solaf  energy  starts,  of  courses  with/the  stun;  jVhe  sun  is  a  huge 


nuclear  fusion  reacftor  located  ^at  an  average  distance  of  93  million 

miles  from  earth.    It  has'a  surface,  temperature  of  about  10,800°F»>and 
*  * 


gives  off  energy  corrtirruously  irrrhe  form  of  radiation..   The  use  of  the 

V   •  •  *  *J '  -  •      ^  .  •  * 

energy  \yhich  reaches  earth  fpr  heating  and  cdoling  Is  what  thfs  .course 

•  N  *    *  * 

Nis' all  about.  :;In  thfs  module  you  will*learfi  about  the  way*  the  energy 

qive^vT^^&^the  sYiri  is  altered  befere  it^rea^hes  the -earth  and  the 

amount  of  energy  that  reaches  earth.  *\         ,    '  '  *' 

»*«        'objective         •     -  /.  >    tt  .  v 

The  objective  of  the  trainee  will  be  to  recognize  the  factors 
which  .affect  the  availability  of^oVar  radiattbrr  at  the  earth's  surfacT 
At/the-end  of  .this,  module  the  trainee  should  be  able  to:  j 


1..   Recognize  the  effejp  on  energy  reaching  a-col  lector  due 
to  clouds,  dust  and  atmospheric  pollutants,  shading 
V^Jtrees,  bufldings,  e-tcj,  collected  orientation,  and 


col  lector  til  t- 


2.  Differentiate  between  beam  and  diffuse  radiatj^ff 

3.  *    Recognize*  th^arious  units  used  to  measure  solar*  energy  * 

4.  Given  conversion  factors ,  ^convert  solar  r^adiatioh^frc^ 
ode  set  o'f  uajjts  to  another .  *    •  V 


5*     Rlecogriize  1  the 


magnitude  of  solar  radiation  available 


cr.  Describe  sea'sqnal  variations  in  solar  radiation^ 

7.t  Describe  -dail^  variations  in  solar  radiation     yv.  « 

8'.  ;  Locate  source^  ol  solar  data  fT^*r^ 

9.  v  Select  the*  data  needed  for  planning  a  solar  System.  ' 
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SOLAR  RADIATION 


.  . UNITS  u 


A 


The  intensity  of  solar  energy  is,  found  expressed  in  several  different 
units.  Tn  this  course  on,ly  one* unit  will  be  used,  Btu/ft  .    However,  you 
may  often  find  other  units  when  looking-  for  solar  data,  so  it  is  worthwhile 
to  learn  to* recognize  these  units  and  to  tie,  able  to  convert  from  one  unit 
1  to'. another.    Units  tommonl //found  are  listed  in  Table  4-1. 


1  ' 


\  •  -Table 

Energy  Units 


-Abbreviation 

*.    '          Unit    •    '  » 

Energy  Density 

,  Btli/ft2 

KJ/m'2  ? 

Langley  (cal/cm2) 
• 

'  \ 

\ 

B^tish  Jhermal  JJnits  per;  square  foot 
Kilojbules  fper  square  meter 

4 

-    calories  per  square  centimleter. 

'Power 

Btu/ft2-hr 

KD/m2-hr  ' 
Langley /mi n 

'     .7         ' * 

w/rfr 

British  Thermal  Units  per  square  foot 
per  hour 

Kilojoules  per  square  meter  per  hour 

calories  per  square  centimeter  per 
minyte  * 

Watts  per;  square  meter  „ 

ERIC 


Table  4-2  gives  conversion  factors  from  one  set;  of  unfits  to  another. 
An  example  will  show  the  use  of  this  tablfr/  The  Climatic  Atlas  of  the 
United  States  lists  the  annual  average  daily  solar  radiation  for  Boulder, 

Colorado  as  367  Qmgleys'per  day.   Jo  convert  this  to  Btu/ft  ,  multiply 

<  %  2 

by  the'Conve^sion  factor  from  Table*  4-2  for  Ungleys  to  Btu/ft  ,  3.69:  . 


367  X  3.69 

(Langleys/day)  • 


1354 
(Btu/ft2  da/) 


97 


Table -4^-2     "  - 
Energy  Conversion  Factors 


'To  Convert  into  Btu/ft? 

To  Convert  into^Btu'/ft^-hr 

Multiply              By  . 

Multiply-         ,  By 

Langleys  3.69 

Lang-leys/mi  n  221 

KJ/m2  t'  .688 

KJ/m2.hr              '.088      :  / 

_  ♦ 

'.     W/m2-    '*  .316 

SOLAR  INTENSITY  f  '         '    '  & 

The  intensity  of  the  sun's  energy  output  varies  with  distance  from  the 

sun*    At  the  average  earth-sun  dis.tance,  the  intensity  of  solar  energy  has 

been  detennirled  to  be  1  .940  Langleys  /mi  n-,  or  428  Btu^ft2-hr  with  a  variability 

of  about  three  percent,    the  value  of  428  Btu/ft2-hr  is  called  the  "solar 

constant".    Due  to  the  earth's  elViptical  orb,it  around  the  sun,  the  distance 

from  the  earth  to  the  sun  changes  during  the  year  so  that  the  energy  reaching 

the  outer  atmosphere  of  the  earth  varies  from  410  to  440  Btu/ft2 -hr* v  While 
*  •  ■ 

there  i9.  some- variabil i ty  in  the  amount  of  solar  energy  that  reaches  the 
outer  atmosphere  around  earth,  there  are  very  large  variations  in  the  amount 
of  solar. energy  available  at  a  particular  location  on  the  earth^s  surface. 
The  surface  radiation  is  what  is'of  interest  to  us,  ^nd'the  radiation  inten- 
sity will  vary  considerably  with  latitude,  season  of  the  year,  and  local 
weather  conditions. 

THE  SOLAR  SPECTRUM  ^  .         ■  '% 

The  radiation  from  the  sun  can  be  separated  into  three  major  energy 

rfegions.    The  high  frequency  ener'gy  in  the  radiation,  spectrum  is  labeled 

"ultraviolet"  or  MUV"  and  is  detected  by  the  human  body  in  terms  of  its 

effect  -  primarily  sunburrf.    Th^.mediuifi  frequency  energy  radiation  'band 

V  . 
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in  the  so}  a  Aspect  rum  is  the  visible  band.    The  low  frequency  radiation 
band  is  the  "infrared"  or'"IR"  region.    The  'greatest  concentration  of  solar 
Energy  is  in' the  visible  band,  and  *solar  col  lectors  must  be  designed  to 
intercept  this  portion  of  the  solar  spectrum.  -  . 

i 

ENERGY  REACHING  EARTH  •  ,  j      '  .  •   ' '    .     ;       .  * 

T.he  energy  reaching  earth  is  reduced  from  the  "outer  space"  intensity. 

^ There  are  a  number  of ■  processes  that  occj&r  in  the  atmosphere  that  cause 

+ 

.this  reduction.    Some  of  the  energy  is, reflected  back  into  outer  space  by 
the 'top  of  the  atmJ^here,  much  as  light  is  reflected  from  a  mirror.  Stfll 
mortis,  reflected  from  the  tops  of  clouds.    As  much  as  30  percent  of  the 

•  incoming  ra'diation  is  reflected  in  this  manner.  <  A  portion  of  the  radiation 
is  absorbed  by  checmi cal ' compounds  in  the  atmosphere.    The  ozone  layer 
absorbs  milch  of  the  ultraviolet  radiation,  and  carbon  dioxide,  oxygen, 
and  water  vapor  also  absorb  radiation.    Some  of  the  ra'diation  is  "scattered 
byf  dust*  and  clouds.    The  various  processes  serving  to  reduce  the  solar  / 
energy  reaching  the  earth  are  illustrated  in  Mgure  4-1. 
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Figure  4*1.    Atmospheric  Effects  on  Solar  Radiation  Reaching 
Earth 
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Radiation  is  classified  as  "direct  radiation"  if  it  has*  not  been 
scattered  on  passing  through  the  atmosphere,  and  "diffuse  radiation"  if 
it  has  been  scattered.  •  On  a  "clear"  day  most  of  the  energy  reaches  earth 
as  direct  radiation,  but  on  .a  cloudy  overcast  day,  a  large  portion  or  all 
of  it  may  be  diffuse. 


Monthl^  Variations  .  '  •  '  *  '. 

Solar  energy  on  a  horizontal  surface  at  any  location  on  earfh,  if 
averaged  over  a  month,  shows  a  month-to-month  variation.    This  is  due  both 
to  seasonal  changes  in  weather,  which  affect  the, cloud  cover,  and  the 
t  changing  angular  relationship  between  the  sun  and  the  surface.    In  the 
winter  the  sun  is  lower  in  the  sky  than  in  the  summer,  and  the  resultant 
larger  angle  between  the  sun  and  a  horizontal  surface  reduces  the  amount 
,of  radiation  intercepted  by  the  surface,  as  shown-  in  Figure  4-2.  Figure 
4-2-a  shows  the  energy  intercepted  by  a  unit  width  horizontal  surface  when 
the  sun  is  at  a  -low  angle.    In  Figure  4-2-b,  the  sun  is  shown  at  a  higher 
angle  and  a  larger  amount  of  energy  is  intef  cepte'd.,  .  ' 


SOLAR  RADIATION 
12  "UNITS"     .  . 


SOLAR  RADIATION 
12  "UNITS'". 


fa)  LOW  SUN  ANGLE,  WINTER 

4  "RADIATION  UNITS"  INTERCEPTED 


(b)HIGH  SUN  ANGLE, 

SUMMER 
.   6  "RADIATION 

UNITS"  INTERCEPTED 


figure  4-2.    Erfergy  Intercepted  by -a  Unjt-W1dth  'Horlzontal^urface 


The  monthly  vari&'tion  in  s'olar  radiation  incident  on  a  horizontal 
surface  is  shown  in  Figure  4-3  for  Boulder,  Colorado,  in  Btu/ft  'day. 
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Figure' 4-3.  *  Monthly" Variation  of  Average  Daily  Radiation  on  a  Horizontal 
Surface,  Boulder,  Colorado    (From  the  Climatic  Atlas  of  thte 
United  States)  *  , 


the  monthly  variations  in  energy  on  a  horizontal  surface  are  show*u 
in  Table  4-3  for  selected  cities  in  the 'United  States. 

.  y  Table  4-3 

Monthly  Variations  in  Energy  on  a  Horizontal  Surface 
Selected  Cities,  (U.S.)  (Btu/ft2 -day) 


City 

'December 

March 

June 

September 

■  Chicago,  111 inois 

•  280  ■ 

835 

'  1685 

1152 

Tucson,  Arizona 

1122 

1987 

■2572 

2098 

Washington,  O.C. 

.In 

12-66 

* 

1818 

1-380 

Miami ,  Fl orida 

,1163 

"WOO 

1958 

1 61 9  y* 

-Fairbanks,  Alaska 

22 

784 

1855 

Los., Angeles,  California 

.887 

1730 

2193  . 

''  1851  . 

L*-  

101  ' 


Daily  Variations  „  ,  '  -  , 

The  radiation  reaching  a  horizontal  surface  varies  from  day  to  day, 
mostly  due  to  atmospheric  phenomena.    Clouds,  dust,  and  pollution  can 
result  in  changes  in^tfte  radiatfbn  received.    Daily  variations  affect 
the  performance  of  a  solar  system  but  the  system  can  be  designed  on  the 
basis  of  average  conditions.    For  a  heatinp  system  design,  jthe  average 
daily  value  -for  the  col dest , month  (usually  January)  is  of  particular, 
interest. 

Hourly  Variations'         *  / 

Hourly  variations  in  available  solar  energy  at  a  given  location 
are  due  to  the  earth's  rotation.    Early  morning  sun  is  at  a  very  low 
angle  and- the  solar  rays  must  pass  through  a  large  thickness  of  atmo- 
sphere.   The  intensity  of  the  energy- received  is,  therefore  low.  The 
hourly  peak  in  radiation  occurs  at  noon,  when  the  sun  is  at  the  highest 
angle  and  is  passing' through  the  minimunf  thickness  of  the  atmosphere, 
•^ince  winter  clays  are  shoYter  than  summer  days,  th&  .perTod  during  which 
solar  energy  can  be  collected  varies  with  season. 
.  *°      The. solar  intensity  on  a  horizontal  surface,  measured  in  Tort 
Collins,  Colorado  is  shown  in  Figure '4-4.    The  smooth  curves  indicate 
.that  these  data  were  obta.ined  on  clear  days.    The  presence  of  clouds 
would  result  in  breaks' in  the  curves.    Note  the  higher' intenai ty  and. 
longer  period  of  measurable  radiation  during  a  summer  month  as  opposed 

.to  a  winter;  month  J.  N  . 

*  *  -  ,  \  •*  i 


A      5     6     7    8     9    10    II     1.2  %l     2     3     4     5     6  7 

Time  of  D^ay 

cT  Figure  4-4.    Hourly  Record  of  Clear  Day  Radiation  on  a  Horizontal  C 

Surface  at  Fort  Collins,  Colorado    (Data  from  Solar 
i       •  House  iy  4  . 

COLLECTOR  TILT  •  . 

Discussion  so  far  has  concerned  only  the  radiation  on  a  horizontal 
surface'.    In  fact,  when  designing  a  solar  collector,  ft  i.s  advantageous 
to  tilt  the  collector  so  that- it. is  perpendicular  to  the  sun's  ray^s..  v 
Figure  4-5  illustrates  the  increase  in  en/rgy  intercepted  when  a  collector 
•is  tiVted  from  the  horizontal  „' Note  that  the  optimum  til  t  angle -places 
the  collector  at  the  same  angleasthe,  incoming  radiation,  Figure  4*l5(b). 
When,  the  collector  is  jilted  to  an  angle,  greater  or  smaller  thaif  the  angle 
of  the  incomin'g  radiation  the  additional  energy  intercepted  "is  reduced,' 

Figure  4-5(cx).        >  %  ' 

'    TKe  maximum  energy  would,  be  intercepted  if  the  collector  were  to 
•  track  the  sun  across  the  sky.'  This  would  meahjboth  following  the  sun  as.  , 

it  moved  from  eas^t  to  west  during  the.  day-and  changing  the  collector  tilt 
to-match  the  season.  -  Tracking  .collectors  are  ^vailab-le,  but  are  not  as  ' 
*  yk  practical  .for  use  in  residential  solar  teatlng  systems. 
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(a)  Collector  Tilt  Angle  0°  (b)  Colle-ctor  Till  Angle  ^5°        (c)  Collector  Tilt  Angle  75* 

* 

^  zEEEEzzzzEE    Radiation  Intercepted  by  a  Horizontal  Collector 

■  ==1   Additional  Radiation  Intercepted  by  Tilting  Collector 

4  * 

r  „ 

.Figure  4-5. _  Effect  of  Tilting 'the  Collector  on  Energy  Intercepted 
»  «  * 

,  .        .A  compromise  is  to  tilt  the  .col lector  so  that  it  is^rou^hly .perpen- 

M»  f 

-    dlcular  to  the  sun's  rays  at  the  timer  that  nfaximum  collection  is  desired. 

.    •  ;       *  I 

The  best  ancjle  for  a  given  location  depends  ,on  the  time  of  year,  since  • 
the  sun  moves  acros's  the  sky  at  a^lower  angle  in  the  winter  than  in  t+ie 
/  v  t  summer.  t  For  heating  purposes,  max.imum  tol  lection  is  desired  during  the, 
coldest  part  of  the  heating  seaso.ri.    During  this  season,  from  about 
October  until  March,  the  sun's  angle  varies  from  5  degrees  to  23  degrees 
•   below  a  line  drawn  at  an  angle  from  the  perpendicular  equal  to  the  latitude 
of  the  location  (Figure  4-6-a).    To  maximize  collection  during  the  fieating 
season  a  good  .compromise  is  to  tilt.the  collector  at  an  angle  of  about 
latUucle  plus  15  degrees.    In  Fort  Collins,'  latitude<40  degrees,  the 
'  _  co>ljector  should  be  tilted  at  about  55  degrees  for  maximum  collection 
during,  the  heating  season.    This  \%  illustrated  in  Figure  .4-6-b; 


June  21 


September  21  \ 
March  21        •  X 


September  £l 
,  March  Z\ 


'(a)  December  21 ,  Sun  23°  below  Lot.  Angle  from  Pprpendiculc^  (b)  Cbttector  Tilted  at  Latitude 
June  21,  Sun23°above  LatAngle  from  Perpendicular'  *       4*15°  Maximizes  Winter 
September  21  and  March  21 ,  Sun  at  Lot.  Angle  from  Collection. 
Perpendicular 


Figure  4-6.,   (a)    Variation  of  the  ingle  of  Incoming  Radiatidn^ 
,  with  Season  I 

(b)    Collector  Tilt  to-Vlaximize  Winter' Col  lection, 
in  Fort  Collins,  Colorado  (Latitude  40°N) 


In  the  northern  hemisphere, the  collector  should  be  tilted  to, the 
south;  ^the  'opposite  is  trrue  in  the  southern' hemisphere.    To  maximize 
-summer  collection  the  collector  can  be  tilted,  to  latitude  minus  15  degrees 
If  both  summer  and  winter  collection  are  desired,  a  goob  compromise  is  to 

9  |  t  • 

tilt  the  collector  to  an  angle  equal  to  the  latitude. 

*  \  i 
-  *  COLLJECTOR  ORIENTATION  .  - 

l  *  <  A. 


Since  the  maximum  intensity  of  directs  radiation  occurs  at  noon  when 

<  '  y  J  >  *    4  . 

the  sun  is  due  south  (northern  hemisphere)/,  tfhe  direction  of  tilt  for  a 

/     /  / 

collector  should  be  directly  south.    If  thiV  is  impossible  due.  to  build- 
ing considerations,  a  variation  of  15  degrees  east  or  west  ofJdue  south 
can  be  tolerated  without  serious  effect  on-* the  total  energy  collected. 


An  orientation  15>degrees  east  of  south  will  advance  the  time  of  peak 
<  -  s  # 

collection  one  tiour;  ern  orientation  15,degrees  west  of  south  will  delay 
the  peak,  one  hour.    In. some  ca£es  * a, designer  can  take  advantage  o^f  the 
change  in  peak  collect^n.  .  If  ,^  for  example,  the  collection  Jocaticm  is 
partially  shaded  in  the  later  a^ternoon^  facing  the'  collectors  east  of 
south  would  increase4  XUi  morrling  collection. 


Sun 


5>  * 
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•  / 
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(o)  Equipment  Set-up 

(b)  Resultant  €un-track  Dia'gram 
;        Magnetic  North  Sh^wn 


Figure  4-7.    Shadow"  Diagram  on  a  Horizontal  Surface  Showing  the  Passage 
of* the  Sun  Acpdss>,the  3ky  and  the,  Determination  of  Due  * 
South,  floret)  23,  1976/  Fort  Coll  ins Colorado 


4  ' 


J    -  DETERMINATION  OF  DUE  SOUTH 

•  .  .  %  - 

The*  effect  of  the  passage  of  the  sun  across  the  sky  during  the  day  is 
shown  in'Figure  4-7.    Suclva  shadow  diagram  can  be  used  to  determine  due  * 

Jk 

south  for  collector  orientation,    A  1  i ne  joining  the  tips  of  the  shadows 
lies  due  east-west.    By  drawing-**  perpend ic Star  to  this  line  the'north- 
^  south  line  is  determined.    Note  the  deviation;  of  true  north -from  magnetic 
north  as  determined  with  a  compass. 
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.    •  .   SOLAR  DATA  FOR  SYSTEM  DESIGN 

>  - 

^    •  Solar  heating  and,  cooling  systems  tan  be  'sized  on  the  b^is,  of 
monthly  average  daily  radiation  on  a.  horizontal  surface,    T^abuW  values 
are  listed  for  each  month  in  Table  4-4,  for  many  cities  in  the  United 
States.    The  yearly  average  daily  radiation  for  the  cities      also  included 
'in  the  table.    Because, the  data  fq^  specific  locations  are  limited,,  and 
estimates  for  adjacent  areas  are  necessary,  it  is  convenient  to, arrange  a 
-graphical  presentation  of  the  distributions  of  the  monthly  average  daily 
radiation  iso-iritensity  lines  on  a -map  of  the 4 United  States,  as  showit  in'/ 
Figures  4-8  through  4-19.-  The  values  given  in  Tatle  4-4  and  Figures  4-8' 
^through  4-19  are  in  Langleys.^  For.  later  use, in  this  cQufse,  the.map'of  *'* 
Figure  4-8  has  been  red.rawn,  for  continental  0,S,,  w^h  units  pf  Btu  per 
square  foot  in  Figure' 4-20.  # 
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^T-able  4*4>}  Mean  Daily  Solar  'Radiation  (Langleys) 
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Figure  4-8. -^flean  Daily  Solar  Radiation  (Langleys),  January 
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Figure  4-12..    Mean  Daily  Solar  Radiation  (Langieys),  May 
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•  Figlipe  4-13.    Mean  Daily  Solar  Radiation  (Langleys),  June 
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<.   'Figure  4-14.    Mean  Daily  Solar" Radiation  (>Langleys),  July 
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Figure  4-15'.    Me^n  Daily  Solar  Radiation  (Langleys),  August 


Figure  4-16/.  MeafrDaily  Solar  R&iation  '(Langleys),  September  m§s> 
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p'guf-e  4-17.    Mean  Daily  Solar  Rac^'atioi^ (LahgleysJ,  Octob&r 
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Figure  4-18.    Mean,  Daily 'So^a'r  Radiation  (Langleys),  November 
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Ftgure  4-19.    Mean  Daily-  Solar  Radiation  (Langleys),  December 
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,The  purpose  of  this  module  is  to  identify  and  expSain  those -pri net 
pies  whlch^influence  the  design ,  .operation,  and  installation^  sfllaf  ' 
collectors  and  to  indicate  items  that  may  require -maint^ance. 


OBJECTIVE" 


,At  the'end  of  this  module,  the  trainee  should  be  able  to: 

1.  '  Identify  and  describe  the  functions  of  the  individual 

components  of  a  solar  collector, 

1 

2.  .Compare  the  performance  between  various 


col  lectors  * 

3.  Describe  methods  of  preventing  corrosion  and  freezing 
of  collectors, 

4.  Describe  the  function  of 'various  fluids  in  collectors-* 

5.  Recognize  effect  of  system  design  changes  on  collector 
^^performance,     -  ~~ 


6.  Install  a  typical  solar  col  Vector  array, 

r- 

7.  Explain  the  factors  contributing  to  solar  collector 
durability.  « 


-  BASIC. PRINCIPLES 

*  :  *    ■  , 

,  A  solar  collector  is  a  means  of  intercepting  Incident  solar  rad;a- 

*  » 

tiorv,  corfverting  this^radiation  to  heat,  and  delivering  useful  energy  , 
to  the  building.  A  collector  consists  of  aa  absorber  plate  (commonly  a 
black  metal  surface)  which  absorbs  the  incident  solar*  radiation  and 
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conVertSi  this  solar  energy  to  heat.    A  portion  of  this  heaths  trans . 
fe/red^o^a  fluid  and  then  transported  £o  another  part  of  the  system.  -m 
In  the  process  of  collecting  energy  and  -transferring,  thereat,  the 

absorber  plate  wil5  Jo^e  $Qme  of  the  heat  to  its  Surroundings, -so  other 

«■  * 

components  of  the  solar  coll-ector  are  provided  to  reduce  the  heat  losses. 

Heat  i9  lost  'from  the  absorber  plate  by  radiation,  convection,  and  , 

*  •  -  \.  »  .  * 

.conduction,.  Insulation  beneath  the  absorber  reduces  the  heat  loss 
through  the 'back' af  the^collecror',  and  the  transparent  covers  reduc^ 


the  heat  losses  from  the  "front"  of^Wie  collector,  A  glass  cover,  which 
is  opgque  to  the  thermal  radiation  emitted  by  the  plate,  iwill  reduce  ^  N 


convection  losses  to  the  outside  air  because  the  Sir  space  between  the*  - 
absorbed  plate  and  coven  restricts  convective  air  motion.  ^ 

The  useful  -energy  from*  a, solar  collector  is  transferred  tea  fluid^ 
and  delivered  directly* to'  the  building  or  to  storage,  where  it  can  be 

r  9 

used  at  a' later  time:'    The  two  principal  types  of  fluid  hearting  solar 

collectors  a're  liquid-heating  solar  collectors  and  air-heating  solar'' 

collectors.    Liquid  heating  collectors  normally  use  water,  or  a  solution 

i.#  •  -        •  •  » 

o£  watef  and  ethylene  glycol  (antifreeze),  but  numerous  other  liquids 

'can  be  cused B   -        *  t 

Fla"{-plate  solaf  collectors  absorb*  both^  direct  and  diffuse  solar 

•    *"*  ^  *         «  % 

radiation.  .  This- is  an  important  aspect  eft  rpllectors, f specially  'in  - 
aj;eas  where ^a  large  proportion  *of  solar  radiation'  is  in  'the  form  of 
fiiffus6  or  reflected  radiation*.  t  .  /  :  1 


V,     '        SOLAR  SWIMMING  POOL  HEATERS. 


A  solar  Collector  should' be  desijSlea  to  provide'heat  at  the  required 
; temperature.    For  example,  to  heat  swimming  pools,  collectors  may  deliver 


heat  at  a  very  low  temperature  and,  consequently,  require  simple  and 
inexpensive  designs.  *  '  m 

Perhaps  the  simpTest  method  of  heating  swimming  'pool s  with  so'lar 
enefgy  is  to  cover  the  water  surface  with  a  large,  thin,  transparent 
(to  solar  radiation)^  plastic  s>ieet.    The  cover?  will  reduce  heat  loss 
due  to  evaporation,  as  welf  as  heat  losses  by  other  forms  and  can  be 
-expected  to  incre^e  the  pool  temperature  by  12  to  20°F  above  mean 
ambient  temperature  fa;  summer  average  of  about  15°F). 


'  .  More  conventional  flat-plate  collectors,  available  for  heating  * 
swimming  pools /usually  consist  only  of  a  black  pi  a  s  t  i  c  absorber.  Usually 
these  simple  collectors  dp  not  utilize  any  transparent  covers  at  all, 

rsince  the  p^stic  is  not  capable  of  withstanding  the  high  temperatures, 

that  would  be  experienced  under  no  flow  conditions.    While  the  fluid  * 

temperatures  achieved  by  these  col  lectors-  are  Jow,<  they  ara,adeqtiate  for' 

swimming  pool  'heating.    The  efficiency  of  a  simple' flat-plate  "col lector 

is  low,  but  the  installed  tost  of  the  collector  is  also  low, .so 

*  •  *  *  * 

that  the  cost-effecti veness ,  in  terms  of  Btu  per  dollar,  -is  reasonably 

high.  " 

t 

'  FLAT-PLATE  LIQUID-HEATING  SOLAR  COLLECTORS 

m  4 

'The  crossysectipn  of  a  practical  fTat-pla'te  liquid-heating  solar   -  * 
collector  with/  a  tube-in-|>Jate  absorber  is  shown  in*Figura  5-1.  Thj* 
-drawfhg  shows' a  col  1 eptor  mounted ^or  roof  sheathing,, but  the  collector 

could  be  mqunted  directly  on  the  roof  trusses  and  a  sheathing  is  not 

r  •  * 

needed  if  the  insulation  can  be  supported.         t  *  • 

.The  spacing  between  the  glass  cover  and  absorber  is  about  one  inch, 

with  another  inch  between  the  lower  cover  gl^ss  and  the^  to£wcoven  glalff: 


Top  Cover  Glass 


7 


 <  T 

Lower  Cover  Glass 


TTTTT 
Absorber  Plate 


^ftoof  Shears  nXLHH2J3 


guns 


figure  5-1.    Solar  Collector  Cross-Section  ^ 

v:,         •  '  "'•    .    •     '  '    -  • 

Twb  to  faur  inches  of  insulation  would  be  appropriate.    A  composite 

insulation  consisting  of  one  inch  of  unbonded  glass  fiber  mat  on  1.5 

'(d)  ■*  '  ' 

inches  of  Fesco-Foanr^  insulation  would  be  suitable,  with  the  glass  a 

-  /  <">  "    *  -/ 

fiber,  adjacent  to  the  absorber  plate  to  withstand  a  possible  high 

temperature/ 1  , 

/  A  collector  which  can  be 'fabricated  at  the  factory  is  shown  in 

Figure  5-2/1  The  unit*  is  installed  as  a  module  in  an.array  of  collectors 

A  .fact6ry-as"sembled  collector  js.  typically. atout  3  feet  by  6  feet» 

*  -  • 

although'  there*  is  considerable  variation  in  sizes.    The  depth  of  the  \ 

collector  is  ^about  seyen  inches^  •  *  '-^ 
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«* 

.  'Figure  5-2.    Solar  Collector  Module 

•   ••        "•    :•(•  •    *  •        -     ■  • 

TRANSPARENT  COVERS        -  '       -  «, 

The  physical  and  optical  stability  of  ihin  transparent  plastic 

i 

films  and  sheets  under  ultraviolet  radiation  and  also  at  the  high  tempera- 
tures that  ^re  developed  in  solar  collectors  is  not  well  established, 
Tedlar  and  polycarbonate  sheets  have  .been- used,  bjjt  g] ass  is,  commonly 
used  for  solar  collectors.^   The  optimum^number  of  glass*  covers  depends 
'on  collector  design,  the  fluid  temperature  de^redr-and^the-^nitdoor  air 
temperature*    For  flatrpl ate" collectors  in  sy^ems  that  are  used  only, 
for  winter  heatjng,  one  glass  cover  is  sui tabjjg^wherg  average- winter  air 

temperature  >s  greater  than  about  45°F.    Two  glass  covers  should  be  used 

A 

for  collectors  in  col derfcl imates .  ■  x  \ 

'   •    -  ,  •       •  '   \  • 
While  there^is  some  questions^  of  glass  breakage  from*wind  and  hail 

.  *  **  ' 

storms,  use  of  terityerect  glass*  and  smalj  collector  widths  wi<ll  reduce^ 
risks  of  glass  breakage.  .  * 
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Materia 


*"  Metal  is  the  best  material, iflSr  .absorber  plates.  In  liquid-heating  . 
collectors,  the  tubes  must  be  thermally  bonded  to  the  absorber  (States  -to  . 
conduct  the  heat  from  the  plate  to  the  tube  wall.'Jhe  thermal  contact  t 


between  the' tube  and  the  absorber  plate  is  satisfactory  with  tube-in-  ^ 

'  !  •  R 

sheet  ibsorber  plates.  '.The  cost  of  an  1100  alloyalumintlm  RoTl  Bond 
.is  abdut  one  dollar  per  square  foot. 

A  major  difficulty  in  the  use  of  aluminum  is  the  possibility  of 
corrosion  of  the  tube  walls.    While  corrosion  can  be  effectively  lifeitecf 
by  additives  in  the  heat  transfer  fluid,  it  ij^ not  totally  inhibited.  ^ 
Coppir  or  steel- absorber  plates  are  also  used  quite 'extens/hvely*,  but;  - 
coppjbV  tubes  are'expensive  and  steel  plates  are  heavy.    Some  absorber/ 
plates  consist  of  copper  tubes  bonded  to  a  less  expensive- metal  plate. ~ 

Pressure  Drop  Through  *fche  Absorber  Plate  ^_ 

i   Trfef  pressure  drop  through  the  tubes  of  an  absorber  plate  is  a  4 
function  of  J:he  flow  rate  through  the  tubes.    The  flow  rate,  in  turn, 
is  selected  on  the.  basis  of  a  desired  temperature  increase'in  the  heat 
transfer  liquid  from  the  inlet  to  the-outlet.    The  flow  rate  will  vary,,  - 
with  the  temperature  in  the  fluid  because  the  jri>eosi  ty  of  the  liquid 
varies  with  temperature.*  A  temperature  rise  across  the  collector  of 
about  ll50/  with  peak  insolatiW~~i^a_reasonable  design  basis.    Th"e  flow 
rate  through  the  tube  to  achieve  the  temperature  rise  is  about  0.02  gallons 

♦ 

^per  minute  for  each  square  foot  of  collector.  ' 

'It  is  important  to  achieve  a  finite* pressure  drop  along  the  tubes  ^ 
attached'/o  the  absorber  plate  (or  in  the  plate)  to  assure  satisfactory 
flow  distribution  cfmong  all  the  tubes.    A  practically-sized  absorber 

,     "  126 
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•       ,  « 

(  plate  is  shown  in'  Ffgure  5-3  for  purpose  o%f  illustration.'    In  this  design, 
the  risers  are  about. 7. 5  feet  long  and  the  Waders  are  approximately  2.5 
f4et  long*.    The  total  head  >oss  across  the  -absorber*  plate  from- point  A 
to  point  B  is  the  same  along,  any  risertube.    Th6  head  loss  is  equal  to 
the  tiead'lpss  across  one >i$er  plus. the  head  loss'in  one  header.  •  '• 


0,200 
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1.000 


0.060 


Sectioh  A- A 


96.000 


0.200 


Figure  5-3.    pSU  Solar  Collector  Absorber  Plate  .Dimensions 

It  haS  been  experimental ly  determined  that  satisfactory  flow  distri- 
buti^fi  trf  a  solar  collector  is  achieved, when  the  head  loss  along  one 
header  is  jiess  than4 one-tenth  of  the  total  head. loss  from  A  to  B.  Likewise.* 
when  solar  collector  arrays  are  arranged,  it  is  important  that  the  fldws 
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be  equal  through, all  the 'collectors.  s  The  headers,  shdm  in.  Figure  "5-4, 
should  be  sized  so  that  the  head  loss  along  orie  header  is  about  one-tenth 
the  total 'head  loss  from  points  A  to  B. 
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\   Figure  5-4.    Definition  Sketch  for  Flukl  Flow  Distribution, 
A  Solar  Collector  Array  < 


BLACK  ABSORBER  COATING-  '   .  ,  .  " 

There  are  many  types  of  paints  to  coat  absorber "surfaces.  An 
acceptable  black  absorber  coating,  suitable  for  air  and  liquid  collectors 
is  V  3M  brtnd  Nextel®  Black  Velvet  Coating.    A  Nextel®  primer  is     t  ] 
recommended  before  the  coating  is.  applied.    One  gallon>of  the  paint  (also 
the -primer)  covers^about  20p  square  feet  of  absorber  surface -area.  The 
solar  reflectance  of  this  coating  is  less  than  two  percent.    Because  all^ 
paints  contain  some  amount  of  binders,  the  painted  surfaces  shoukl  be 
-heat  treated  at  about  300°F  for  about  3  to  4 '.hours.  Pre-heating.wiil 
present  off-massing  from  the  atisorber  cpating  and  /condensation  of  Vol  a- 
tile  components  on  the  lower  cover  glass.    The  condensation  of  paint 
binders  on«  the  lower  glass  cover  reduces  the  transmission  of  solar  radia- 
•tion  through  the  glass. 

Black  paints  are  inexpensive  ari^relatively  easy  to  apply,  but  there 
are  some  disadvantages*;  While  there\U_ h,igh  absorptivity  of  the  solar 


radiation  with  a  black  paint,  there  is  also  high  emissivity.  'High' 
emissivity  results  in  high  radiation  heat  loss  from  the  absorber.  . 
There  are  special  blaclf^selective  surface  materials  which  result  in  ; 

w—  * 

high  absorptance  of  spl-ar  radiation,  and  .low  emittance  of  thermal- radia- 
tion.   Selective  surfaces  convert  .a  large  fraction  of  solar  radiaWon 
to  heat  an/ suppress  radiation  heat  lo^so  that  mo^e  useful  'heat  is 
delivered  from  the  collector  when  compared  to  one  with  a  Wack  painte'd 
surface.    Various  selective  surfaces  are  being  developed  by  many 
collector  manufacturers  arid  in  the  next  few  years  some  are  likely  to 
be  used  for  flat-plate  collectors. 


"CORROSION   •  '  '  ' 
 ?                        •  • 

Table  5-1  lists  a  galvanic  series  of  Petals  and  alloys  in  aqueous 
solutions.    In  the  list,  the  metals  at  the  ^op  are  easily  corroded, 
while-toffee  at  the  bottom  are  not  easily  corroded  in  arf  aqueous  solution 


Table  5-1  ' 

t         *  * 

Galvanic  Series  of  Metals  and  Alloys -in 
Aqueous  Sol utions    '  „ 


Easi ly 
Corroded 

'•  Magnesium 
Zinc 

x         Aluminum  .  4 

Steel  or  Iron 
v  Cast  Iron  . 
.  >(  Lead, 
Tin 

t 

Brass 
Copper 

Difficult 

to^ 
Corrode 

Bronze 

Chromium- Iron 
Silver 
Gfaphite 
Gold 

Platinum 

5-10 
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Magnesium' is  sometimes  used  far  sacrificial  anodes  to  protect  zinC,  iron, 

bra^s,  copper,  and  bronze  but  this  must  not  be  done  if  aluminum  pipes  or 

absorbers  are  used  in  a  water  system,,  4  • 

,    Electrolytes,  othfer  than  hardness  and  alkalinity,  promote  corrosion. 

The  presence  of  calcium,  bicarbonate,  metaphosphate,  and  mortohydrog&n 

phosphate  ions  assists  in^corrosion  control.    The  presence  of  silica,' 

organic  color,  and  borax  is  beneficial.     Factors  which  aid  corrosion  of 

metals  in  aqueous  solutions  are  dissolved  oxygen,  acfds,  sul fides,  /tin, 

copper,  cobalt,  nickel and  lead  as  well  as  the  presence  of  magnesium 

(ih  aluminum  systenjs),  chloride,  sulfate,  nitrate,  carbonate,  and 

^hydroxide  ions.    Water  circulated  through  solar  collectors  should  not 

be  permitte.d  to  become  acidic  because  corrosion -is  more  rapid  in  acidic 

.  water  solutions  than  in  neutral  or  *sl  i'ghtly*  basic  s,oAitfons.    The  water  * 
•  *  ■» 

should,"be  drained. if  it  becomes  acidic. 
\ 

Corrosion  is  minimized  when  the  dissolved  oxygen  concentration  is 
zero.    The  free  oxygen  in  an  air-tight  system  collector  loop  will  be 
lost  as  some  corrosion  takes  place  on  the  pipes  in  the  system. 

A  corrosion  inhibitor  that  could *be  added  td  the  water  in  the  col]ec- 
tor 'loop  is  presented^in  Table  5-2.    The  recommended  concentration  in. 
f  water  is  1.5  percent  by  weight,  giving /a  pH  of  between  7,5  and  8.CT:  The* 
inhibitor  cost  is  afiout  60  cents  per  pound,  and  with  the  suggested  mix, 
the  cost* is  about  $70  per  1000  gallons  of  water. 

»  **  •  * 

'Automotive  grade  ethylene  glycol  solutions  also  contain  corrosion  > 
inhibitors.    If  the* composition  of  the  corrpsion  inhibitor  is  not  given, 
further  information  should  be  sought.    One  should  be  especial ly_ careful 
wittr  aluminum  tubes  tfnd  pipes.    In  general,  a  30  perCent-fconcentration  . 
of  automotive  grade  antifreeze'which  contains  corrosion  inhibitors  is 
needed  t6  obtain  sufficient  protection  against  rust  and  corrosion. 
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Table  5-2     '  ' 

♦ 

Composition  of  a  Suggested  Corrosion 
Inhibitor  Additvve 


-Concentration 

„  <  Optimum  Percent 
by  Weight 

Mercaptobenzothiazole 
(technical  grade,  92%  min) 

Sodium  borate  decahydra,te 
Na2B4°7  '  10  H2°  &orax) 

Anhydrous  disodium  phosphate 
Na2  H  P04 

* 

.   v     '  15.1  • 
•          7^7  ' 

y— 

9.2 
100.^ 

Removal  of  small  particles  by  filtration  will  reduce  erosion  of  the 
small  tubes  in  the  absorber  of  the  collector.  'A  filter  which  will  remove 
particles'  greater  than  5tl  microns  is  satisfactory,  but  the  pressure  drop 
across  the  fiUer  may  be  too  large  if  the  flow  velocity  is  high. ^  Fifty 
micron  filters  may  be  used  initially. in  the"  system,  and.  later  a,  change  to 
about  350  micron  size  may  be  made.  ' 

Heavy  metal  ions  (such  as  coppfer  and  iron)  can  react  with  aluminum 
by  displacement  of  the  aluminum  and  deposition' of  the  other  metal.  To 
minimize  such  ion  exchange,  an  ion  getter  can  "be  used.    An  ion  getter 
with  an  aluminum  window  screen  -placed  in  the1  pipeline  has  been  used 
satisfa6tort]y.    'Various  protection  devices  in  a  collector  loop  are 
shown  1n. Figure  5-5.    A  filter,  ion  getter,  and  non-metallic  hos'es 


connecting  pipes  of  different  materials  are  shown  in  the  figure. 


\ 
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LIQUIDS   ^  ' 

Experience  indicates  that  an  ethylene  glycol  concentration  of  10  to 
20  percent  is  adequate  to  prevent  pipe  and 'tubing  from  bursting  when 
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DIAGRAM  OF  PIPING 
AT  COLLECTOR  INLET  AND  OUTLET 

(IN  ATTIC) 


From*        To  Cotfcrftor 
Collector     Heot  Exchanger 
Pump 


Figure  5-5*   Installation  of  Protective 

<.  «     Measures  in  .a  Solar  Collector*} 3 
Loop  ^ 


exposed  to  temperatures  well  below  the  freezing  point  of  the -mixture.  If 
the  liq'uid  in  the  system  is  static?*  and  flow-at  low  temperatures  is  not 

required,  it  is  unnecessary  to  use  glycol  concentrations  as  high  as  fndi- 

i*  * 

cated  in  freezing  point  tables.    However,  it  is  important  that  the  pipes 

»  j,       *  * 

leading  to  a  collector  are  protected  from  freezing  so  that  flow  Is  always 

>       »  » 

possible.    Otherwise,  the  liqudd  in  the  collector  may  boil  even  in  mid- 
winter  and,  if  the  pipes  are  frozen;  the  tubes  in  the  absorber  could 
burst  from  excessive  pressure. 

Adequate  freeze  protection  for  a  water  coflector  can  be  obtained 
with  antifreeze ^concentrations  that  are  less  than  those 'required  in  an 
automobile  -radiator;  as  the  purpose  of  the  antifreeze  is  to  prevent\lamage 
to  the  collector,  b\it  not  to  prevent  the  formation  of  ice  crystals..  In 
Table  5-3,_J>he  temperatures  and  percent  ethylene  glycol  concentration  in 
water  (by  volume}  have  proven~to  result"  in  a  slushy  condition  which, 
while  very  dense,  does  not  ^result  in-damage  to  the  tubes.  "If  the  corro- 
sion  inhibitor  additive  in  the  antifreeze  is  to  be  util i zed,  ..tljie  minimum 
concentration  should  be  about  30  percent. 

Table  6-3  * 

Concentration  of  Ethylene  Glycol  Required  for  ; 
Freeze  Protection 

,  <   . 


Percent  Ethylene  Glycol 
by  Volume  in 
Water  ^ 

Minimum  Temperature 
for  Freeze     '  , 
Protection,  °F*_ 

"    oN     .  .  . 

32 

2.6 

'  .  16, 

:  15 

2 

20  L- 

-18 

 —   'X 

*F1ow  wil  1  not#tee  possible  below  these  temperatures 

JL  <j  2 


V. 
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Thermal  decomposition  of  ethylene  glycol  takes'  place  at  about  325°F, 
The  rate  of  thermal  decomposition  is  very  low  in  this  temperature  range 
and,  unless  significantly  higher  temperatures  are  encountered,  thermal 
decomposition  of  the  antifreeze  additivfe  wi  1*1  not  be  a  problem.    A  maxi- 
mum temperature  of,300°F  is  suggested  in  the  absence  of  dissolved  oxygen' 
in  the  solution,  and  lower  temperatures  are  recommended  to  extenct\the 
service  life  of  the  liquid  solution.  -  i    •  ' 

In  the  presence  of  air,  ethylene  glycol  degrades  more  r'eadily  than 
without  air.    A  portion  of  the  degradation  product  results  in  aft'aci'dic* 
solution  Which  promotes  corrosion.    If  simultaneous  exposure  to  oxygen 
and  elevated  temperatures  of  the  ethylene'  glycol  solution  cannot.be ' 
avoided,  then  the  temperatures  must-be  moderated.    The  allowable,  maximum 
temperature  depends  upon  the  degree  of  aeration  and  the  dfesired  service 
life  of  the -solution.    A  temperature  of  250°  F  may  be  acceptable  when  tfie-' 
only*  source  of  air  is  a  vent  or  vacuum  breaker  l.ine.r   Anti -oxidants  are t 
helpful  in  some  applications.    Ethylene  glycol  concentrations  greater 
than  60  percent  by  weight  are  not  used  because  the  mi nimUnj^ feezing 
point*  is  achieved  at  60  percent. 

■  The  price  of  two  othe'r<;heat  transfer  11quid§jjgre  ^given  in  Tabl^^-4.^ 
Dov/therm  J  is  currently  being  ys'ed  in  the  Phoenix  s*o}a£  Seated  hojjse  in 
Colorado  Springs,  Colorado.  .    Therminol.55  is.  used  in  high  temperature 
solar  collectors.    Some  of  thfe,physical  properties  of '.'the  two  liquids 

%     &         ";  Y 

are  given  in  Table  5-5.  ir  *  •  ■  . 

Dowtfierm  J  i£  non-corrosive  toward  all*  metals  or#|lloys  commonly 
used  in  solar  systems ,*  such  as  steel,  copper,  aluminum,  and  stainless  \* 
steel  alloys/  %   *  .  *  < 


*  4 


OxidatiDn  is  a  problem  when  heat  transfer  fluids,  at  high  tempera- 


/ 


tures  are  exposed  to  the'  atmosphere  in  open  systems.    Significant  oxidation 

ERIC  *  1JO 


•     *        Table  5-4 
Cost  Qf  Two  Heat  Transfer.  Liquids 


^Quantity  and  Container  Size 

Price  per  .Gallon 

Dowtherm  J 

i  Therminol  55. 

-T   V 

5  gallon  "cans  \ 

** 

.    16.-10  '  - 

1  drum*  *  •  <§> 

.  "^.60 

2.90  ' 

5  drums  •" 

4.10  ,  ' 

2.90  ^« 

1  -9  drums         ,  * 

■  2-.90v 

20  drunifc 

(    '.  ^2.60 

.  1 0  -'59  Hums 

•a 

2^60 

60  drums -or  more 

'2.20 

4,000  gallon  tanl^truck 

•  3^77 

40,000  pounds  o^nore'' 

•  'l?50 

* 

*55  gallon  drums- (each  cbn tains,  400  pouncll  Of  Therminol  55) 

;    m       •      \    -   Tahle  5-5 
Some  Physical  Properties  .of  Dowtherm  J^nd  Therminol  55 


'  t       Property   -  -  "  ^ 

 ,  !  -J  ^  -  ■ —  ^-a.  

Dowtherm  J 

— f  ^  

Therminol  55 

Operating  tempercit^te^range, \*F 

 '            r   *L  : —  — — - — 

-100  W  575 

 4 

.  -£  to'  600, 

Pour  p'oint,  ^F  •* 

-40 

 y  —  :  '  ^ 

*B£i|^ng  point,. °J  "  . 

5  .a? . 

•  .  635 

'  -145  'f„ 

355'*- 

 .  -5-^  ^  -—  »  f  ; 

Fire  poiht%    F»         /            „  — 

155 

.  410 

Auto  ignition,  temperatures,  °F  / 

— ^ — V- — 

806  - 

—  

\  ■  675 

4 

**    -        *    *  * 

^cao-Gtrtfe^the,  fluid  viscosity  to  increase  and  insoluble  material  to  be 
formed.    Ttm  inso'ldbles  will  decrease  the  hea^  transfer  rate  at  the  tube' 
waTls,  ijx&rea^e  film  temperatures,  anjr  accelerate  th&rmsfl  degradation  of«* 
the  tube  waifs.       \  ^ 


.Dowtherm  J  is  resistant  to  both  thermal  degradation  and  oxidation. 


To  prevent  oxidation' in  open 'systems ,  the  temper.ature  of  Dowtherm'  J" 
liquid  should  -not  e'xceecf  300°F.  '  . 


FL7\T-PLATE  AIR-HEATING  SOLAR  COLLEGERS 


"A  crqss-section  of  a  typica.V  air.-hgating 'solar  collector  is'shown 
in -Fi gure^-6 .  The  conversion  of  solar  radiation '  to  .hea„t  is  exactly  the 
•same  as  for  1  i.o^id-heating  collectors.    Because  air  is  used  as  the  heat 
transfer  medium,  the  air  «pa;ssage  is  a  dyct,  instead ;of  tubes  fn  liquid  j 
coll'ectprs',  and  th^  top\urfact  of  th^J^tVorms  the  absorber  plate. 


*  4 

x  1     •  *            Tbp  Cover  Glass 

♦ :  ^  ^  u  ^  L?r^ — 

Xowea  Cover,  Glass*. 

•I 

.'.         •  ■  ^  J  * 

1  •                .  t>^- Black  Absorber  Surface 

=     I    '  >  ■ 

.        Air  Duct' (rfSw  formal  to  plane  of 

^l^paper) 

•:•-••<>•;• 
..;5f..>^;.;:- 

:  '.vi, 

■    •.  -  i 
'  •  •  *  *» 

'•'v..:':;. 

1  >  .  *  » 

* 

\ 

l/2f"  .to  W 
'  *  » 

3/8"  to 
2-n  to\4"' 


if  *  J 

Figure  5-6.    Cross-Section,  of  an  A'ir  Hefftfacr* Solar  tol lector 


ft   '       «       — -  •  •  *  i 

'Air-heating  solar  collectors  are  le'ss  efficient  than  liquid-heating  \ 
j  ' 
*  *  *  1 

solar  collectors  art  high  fluid  temperatures.    However,  the  efficiency  of 

c.  *  .  *  * 

the  total  solar  system  is,  comparable  «with  liquid  systems. 

Air-heating  collectors  have % a  number  of -advantages  compared  with 

-    v  ;  .     •       '  ■■•<,' 

]4quid-heating  collectors.    There  are  no  problems  with  freezing  in  the", 
collector  or  pverheating  the  air\    CcJrro'sion  problems  are  also  minimized. 
Galvanized  ducts  do  not  require  corrosion  protection  but  insulation  is 
required.4  Asystem  disadvantage  is  thata  larger  storage  volume  is. needed 
but  an  advantage  is,  that  stratification  o*f  temperature  in  storage  permits 
•air  cojt lectors^ to  operateiat  b^st  efficiency  throughout  the  day. 
:   *  '  The  long-term  durabil i ty- of  solar  collectors  is  still  unknown.    How-  - 
eveY-,  there  is  one  air  system,  using  glass  platef  absorbers  in  the  collector 
vjhich  has  operated  continuously  -since  1957.    1^  .is  general ly^expec ted  that 

solar  ai>  heating  col^tors  wvll^tarV\a  long  "^fetime"  of  use,  although 

W  \  V 

more  data* from  operating  Systems  are  needed  before  conclusive  statements 

'can  be  -made.  *  •  « 


SOLAR  COLLECTOR  EFFICIENCY 

•/  -• 

STEADY-STATJ: XObLECTOR  EFFICIENCY* 

Solar  collector  efficiency,  is  the  fraction  of  the  solar  energy 'inter- 
cepted.by  the  collector  that  is  converted. to^ heat  and  delivered  to  the.  ♦ 

building.    Fact<?r$,  yhich  inffu^nce  solar  collector  efficiency  include, ab- 

t  -  -  * 

somber  Surface  coating,  number  and  type-of  transparent  covers,  fluid' flow 

distribution  'through  the  collector,  fluid  temperature,  outdoor  air* tempera 

tore,  and  the  intensity  of  solar  radiation  on  the  coUector  glass  area/ 
*  *■    *  * 

The  collector  efficiencies  for  several' di ffe rent  solar  collectors  are 
✓  •  ■ 
'  shown  in  Figure  £-7 'and  the, selected  collectors  are  described  in  Table  5-6. 


5-1 8 


.90 


-i  r — -i  t — .  rrf  i  r  r~ p      i      '  — r 

Tj       Inlet  Fluid  Temperature',  °F 

Ta   =  Outdoor  Air  Temperature,  °F 

S     =  Intensity  of  Solar  Radiation, 

.*»:»'  "         BTU  "  . 


{hr")(  ft2 of  collector ) 


0 


0.2?  •     (f0.4J.      3:0.6  «*      0.8         1.0  ♦ 
Tj1^  (°f)(hr)Ht2)  ;  ^ 
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Figure  5-7.  Solar  Collator  Efficiency 
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Table  5-6  . 

Description  of  Solar  Collectors  Plotted  in  Figure  5-? 


°  1 

Absorber 
|  Material 

1  :  

-  Collector 
Number 
from 
Fiqure  5-7 

rianuTac  turer  ana  KemarKs 

Absorber 

oUf  t  dtc 

Coating 
* 

Transparent  Covers 

Stagnation 
Temperature 

op  ★ 

Number 

Material 

j 

Aluminum. 

1 

* 

NASA/ Honeywell        '  » 

black  nicked 

2 

^ — » 

.glass  • 

« 

466 

Aluminum  . 

2 

WSFC 

black  nickel 

'  2 

Tedlar 

313 

Aluminum 

3 

NASA/ Honeywell 

black  paint 

1 

glass 

.    .  274 

\ Aluminum  - 

4 

NASA/ Honeywell 
<{  mylar  honeycomb) 

black  paint 

.  2. 

glass 

.  475 

I  Aluminum 

< 

5 

NASA/Honeywell 

black  paint 

2  - 

glass  r 

355 

Aluminum 

v  6  *" 

PPG                      „  - 

black  paint 

.  2 

glass.  , 

268 

Glass' 

**1 

Owens  (evacuated  tube)4 

V*  ■ 

selective  . 
surface 

•  1 

glass. 

1,150 

"'Steel 

.      8'-  ' 

 r/  

Solaron 

(dat;a  furnished  by 

•manufacturer)  Heat  transfer 

*  fluid  is  air 
*  • 

 ■  v-  

black  paint 
» 

2 

^lass  . 

* 

1  •  355 

t 

A  m 

-  "*  Values  are  calculated  assuming  that  incident  soiar  raaianon,  5,  is  jyu  d«.u/\i^/u"'  j 

that  ambient -"temperature,  Ta,  is*  70°F.  ,  i  „ 

'  **  With  the  exception1 -of  solar  collectors  number  7  and  8,  the  absorber  plate's  are  tubes_-in-plate. 
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The  efficiencies  of  solar  collectors  are  often  expressed  as  a 
function  of  inlet  flijid  temperature  and  ambient  air  temperatures". 
Wh/ile  use  of  inlet  fluid  temperature  in  the  efficiency  curves*  presented 
by  manufacturers  is  acceptable  for  liquid  heating  col  lectors ,  it. is  not 
a  useful  variable  to  express  the  efficiency  changes  for  air-heating 
collectors.    This  is  because  the  i^let  temperature  to  an  air-heating 
collected  tn  a  system  is  always-  near  room  temperature,  while  the  inlet 
fluid  temperature  for  a J iquid-heating  collector  varies  considerably 

^during  the,  day.  .  The^gnparison  of  1  iquid-heating  .col  lectors  can  be 
based  on  efficiency  curves  similar  to  Figure  5-7,  but  c.ompari  sons 

.liquid-  and  air-heating  collectors  are  more  difficult.  Unfortunately, 
nb  easy  method  has  been  determined  to  compare  the  performance  charac- 
teristics jof  a'ir-and  liquid-heating  collectors,  but  a' recent  study  of 
two  similarly  sized  systems  on  comparably  houses  at  the  same  location 
and  during  the  same  time  periods  shows  that  the  air-heating  system 
Collected  more  useful  energy  than  did  the  liguid  system.    The  reader 
is  cautioned,  Jiowever,  that. more  data  a?*e  needed  before  definitive 

^/conclusions  about  collector  and  system  performance  can  be  made. 

The  efficiency  of  an  air-heating  solar  collector  increases  with 

•air  flow  rate,  but  l,arge*.air  flow  rates  require  large  blowers  ind^ 
large%]ectricity  consumption  in  proportion  to  the  solar  energy  collected. 
A' reconwended  air  flow  rate  for  air  collectors  is  about  2  cfm  per  square 

foot  of  collector"  1 

«  * 

For  liquid-heating  solar  collectors,  the  liquid  (water-efchylene  glycol 
mixture)  flow  rate  should  be  between  0.6    and  1.2  gallons  per  hour  per 
square  foot  of  solar  , col  lector" area.  : 'Only  'a  small  'gain  in  energy  collec- 
tion,  hence  collector  efficiency,  is  realized  by  circulating  more  than  «  ' 


H2 


.2. 


1.3  gal/(hr)(ft2).    On  the  other  hand,  when  less  than   0..6  gal/(hr)(fr) 


is  circulated,  the  Efficiency  is  significantly  reduced. 

DAILY  COLLECTOR  EFFICIENCY '  *  - 

The  efficiencies  -shown  on  Figure  5-7  are  not  appropriate  for  long- 
term  collector  efficiency,  such*. as  daily  efficiency,  because  the  fluid. 
,and  ambient  temperatures  as' well  as  the  solar  radiation  continuously 
change  during  the  day.    The  efficiencies  shown  on  Figure  5-7  are  for 
steady-state  conditions  and,  while  they  are  useful  for  comparing 
different  collectors  (one  fluid  type),  they  are  not  directly  useful 
to  determine  the  quantity  of  energy  collected  by  a  system  during  the 
day.    An  average  da^ly  efficiency  of  collectors  in  a  system  is  more 
-useful  for  that  purpose. 

The  daily  efficiencies  of  tfie  collectors  for  CSU  Solar  House  I  is 
shown  in  Table  5-7,  for  each  month  of  the  year.    The  s^ond  column  in 
the  table  ll^ts  the  efficiencies  based  on  total  measured  solar  radiation. 
The  fourth  column  1/ists-the  efficiencies  basacLoh* solar  radiation  on  the 
collector  duri ng.  the  periods  when  the  eol  lec/tors  del i vereci  yseful  energy/' 
During  the  year  the  average  daily  efficiency  varies  from  15  to  25^  percent, 
depending  on  the  solar  and  climatic  conditions  and  the  operation  of  the 
system.    The  higher  temperatures  of  storage  water  required  for 'operating 
the  coolipg  system  during  the  summer  lowered  the  collector  efficiency 
when  compared  to  winter  condri tions /  '  n 

,        While  average  daily  collector  efficiency  is  dependent  upon  many 

design  factors  of  the  system,  a  daily  efficiency  from  25  to  35  percent 

can  be-expectetH*Hh  most  collectors  now  available  commercial-l^Because 

the  collector  is  s  very  •tmportatit  component  of  a  £blar  system,  and  the. 

k  * 

*  *  •  * 
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v  Table  5-7 

ftean.  Daily. Collector  Efficiencies  for  Each  Month  of  the  Year. 


*  « 

Average  Daily- 
Efficiency  Based  , 
on 

Solar  Radiatjon 

Average  S 
(MJ/jday) 

.Average  Daily~Eff iciency 
Based  on  When  "the 

Cf>l  1  or  tnr*i  DpI  i  \/o  roH 

*  Useful  Energy  ' 

September 

- -22.5 

11B6- 

31  R 

October 

21.2 

»    .     20  4 

'             »                  Cm  V  •  ~ 

November 

19.6 

780    *  * 

31  w! 
33  3 

De-cember 

*    23;  8 

967 

January 

24.6 

999 

33  0 

February 

24.6 

1274 

36. "9 

March. 

18.9* 

1  395  v 

34.5 

April 

15.2  ■ 

1513 

•  32.3 

May 

15.0 

1217 

36.9  • 

June 

14.5 

1375 

34.3 

July 

15.6 

1474 

22.9 

August 

15.0 

1429 

27  ."2 

performance  of  the  entire  solar  system  is  the  important  factor  in  system 
economics,  individuals  are  discouraged  from  making  their  own  collector 
unless  the  person  has*  considerable  experience  and  knowledge  about -solar 
col  lectors. 


,      STAGNATION  TEMPERATURE 

♦ 

"■  •  i 

An. important  factor  in  collector  performance  is  the  capability  to 

*'  • 

withstand  thOighest  temperature  achieved  in  the  collector  when  there 

t  9 

is  no  fluid  flow. and  the.  solar  energy  is  a  maximum.    TJie  highest 
temperature  isj:he  stagnation  temperature,  which  could, develop  when 
tlrere  is  electrical  power  failure  and  the  pump  or  blower  stops,  and 
most  certainly  during  installation  when  there-TS-no  fluid  (in  liquid 

.    '  .Hi 
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heating  collectors)  in  the  collector/  Stagnation  temperatures  listed  in 
Table  §-6  are  very  high-,  particularly  for  the  evacuated  tube  collector. 


COLLECTOR  ARRAY 


9>  ■ 

'Most  of  the  previous  sections  concerned  collector  modules  and,  in 
general,  several  modules  are  required  in  a  solar  system  to  provide  the 
energy  to  me'ej;  the*  heating  and  cooling  tieeds.    Collector  modules  may  be 
assembled  in  a  number  of  different  ways  to  form  an  array  of  collectors,  ' 
and  one  possible  arrangement  for  liquid  col  lectors  is  shown* on  Figure  5-4 

A  recommended  arrangement  for  an  air-heating,  collector  array  with 
internal  as  well  as  external  manifolding  is  shown  in  Figure*5-8.  Varia- 
tions  to  the  scheme  showr>  ar£,  of  course,  possible:   A  very  important 


ARROWS  INDICATE 
DIRECTION  Of 
AIR  FLOW 


CONNECTIONS 
TO  COL  I  ECTOR 


Manifold' 
ducts 

solar  heated  air 
.  from  the  collectors 

air  to  the  collector 


Figure  5-8. 


Typical  Arrangement  of  Internally  Manifolded 
Collector  Modules  in  an  Array 
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{      factor  .in  any  scheme  is  to  be  sure'  that  joints  in  the  duct  system-  do  not 

leak.      * '"  ^ 

-Collector  arrays,  forvboth  liquid  and  air  heating  systems,  should.  • 
1      be  leak  tested  during  assembly  if  possible.    While  leaks  in  liquid  sys- 
tems are  easy  to  detect,  leaks -in  air  systems  are  not  as  readily  deter- 
mined.   Care  during  installation  of  collectors,  w.ith  joints'  in  pipes  and 
ducts,  is  advised.    The  cost  of  labor. for  careful  assembly  is  a,  smgill 
fraction  <%f  the  qost  of  labor  for  di sassembly^and  making  repairs.  , 

Joints  in  piping,  particularly  from  the  headere  to  the  collector 
.modules,  may  be  made  with  flexible  hoses.    Because  'neoprene  or  rubber 
hoses  will  require  replacement  periodically,  sufficient  thought  should 
^Jbe  given  to  facilitate  the  replacement.    Other  piping  connections  and 
•  valve  locations  should  be  given  similar  consideration.    Connections  from 
the  headers  to  "the  absorber  plates  of  the  collectors  cannot  be  rigid 
coupling  because  "there  is  considerable  expansion  and  contraction  of  the 
absorber  plates  and  the  headers  during  the  day  as  the  collectors  are 
'  *  heated  and  cooled.  / 
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~-     f  INTRODUCTION 


.w  Heat  storage  is  necessary  for  solar  heSting,  c6oling;  and1  service  • 
\  ^  *  ^ JiO*t  Water  fceattn^inStallations*    While  there  is*  some  heat^storage  in 


■9 


*    *  the' structure  ai\<r contents  of  a  building,  U  is  not  an  appreciable  ffac- 
tioijf  of  rgquirea*storage.    Practical  methods  of  heat  storage  a0T  basic 
t  **^guVdelinfes  ,fof -siting  are  presented  ,in  thiTlrio}kile,  ^ 

-    V   '  ,        '       *3(fc  \  '  OBJECTIVE 

objective  is -to describe  different  heat^fcorage  media  and  pro- 
~>  *    >        '  „    *'  '    <  <  ,  N 

f*   -vide  guide!  ines"  f6r  sizing  the  storage*  unit  for  specif ic&requi  rements. 

• 'ffie^subobjecti've^  for  the  trainees' are -to  be  able  to:, 

.   -1.     Select *a  thermal  storageumit  for  a.*particul  ar  type 


-of  solar  system' 


*%*^2./Size  and  locate  the  therfl^t"  sjbrage  i$it,    r  - 

3.     Schedule  and  install  the  thermal  storage  unit 

*   *  • '         .  .       ,        \  "  '  " 

-  in  the  system,  r  ^  „  *  '* 

»4"A .  Recognize *po*tential  maintenance  featyres  af  thermal 

storage  ;uni'ts.  .  ^ 

*   METHODS  OF 'HEAT-STORAGE  - 


jiHea't  may  ^e  stored  for  use  in  heating  Jln$  cooling  residential 
buil^^gs/in  the^pkaf  latent  heat,  sensible  heat,  and  "combination 
/of  .latent  and  sens4bleiheats. 


v  ♦ 

0 
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*  LATENT  HEAT  -STORAGE     .  A  ,  4  '       '  "  '    *     *\      *  '  1^ 

 r   *  '  *  •  (*  «  - .  /A 

Latent  heat  Gan  be  stored  , by  melting  a  sx>  1  i d , .  sudv  as'wax,  into  a*  - 
liquid.    The 'storej£heat\is  released  when  the  tempfer**ure  drbps.  apd  '   ,  . 

the  .heat  %which  is  released  is-  supplied  loathe  coaditiorlli^acel  .If  a  . 
suitable  material  *is  use#,  solar  heat  at 'temperatures  provided  by  colr 
lectors  can  be  used  to  melt;  a  solid -and  to  store\the' heat  during  the'day,  * 
^ft  then'be  made  to  release  the  heat  when  tfte  1'fcflMd  -.reverts  back' to    ♦  * 

*  F    -  ■  .-    1  -  •  •'. 

^olid  form.    A  very  smaTl  temperature 'difference  is  sufficient  to4 

*  change  the  phase  fyfom  ^olid  to  liquid,  op  liquid  to. solid.    The  use  Of 

**     •  '  *> 

's  Jce  to  cool  an  "ice  box"  and  to  cqol  'liquids- illustrates 'the      -  * 

■      '  -*       '  V  "  - 

'use'of  latent  heat  for  cooling.^  \  ^  .  „ 

there  'ar*e  also  tw(^)r  incipal  advantages  ta  latent  hea*  storage.  ^ 

-    .Because  vew  large  quantities  of  heat  cdn  be  stored" and  released  per       *'  .  * 

pound  of  material,  it  takes  Jess  volume*  to  store  the  heat  required  by.  * 

-  _  the  System.    A  lament  heat  storage  utyifr^uSTng  paraffin  or  wax  would   .  . 

raquire  abtfut  one-fourtji  is  much  volume  as  a  yater  £ank  to  store  an.  4 

^equivalent  amount  of -h^at.    A  second* advantage  is^cbat  the  temperature      %<     ;  * 

'Jper 


remains  n^arly  constant  during  phage  changes.  A  cohstant ^JperatiAg  . 
temperature  .f or  hot  storage  or't:old||^t^rage' is  p^rti^uTarly  advantageous 


for  operating  a  chillec. 

*     There-are,  however,  some  di^advaTitages  with  latent  heat  storage  .        .  '  * 
uni ts ^  -Many  known  latent  h6at  Wterial^rislij^ast  only  a  few  yjea#rs     \:       *  ^ 
must  beVeplaced'.    As  of  the- time*  of  this  ^writing;  suitable 
*f  me?terial«5-.are  also  expensive  when  compared < to  wateP>(H?Mbble-nbed4        »«  , 

storag^units .    More  time  is 'needed  for  development  of  practical  latent 
\  heat  storage  unTts:  J  »*  -  -        -  4  .  - 

Tabfe  6-1  is  a- listing  of  sopie  available '.latent  heat  storage  materials.  • 


9'  i 
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•      Table  Sr-1  ,        '  . 
Latent  Heat -Storage' Materials' 


Name 


Melting  point 
°F 


Heat  of  Fusion 


atu/Tb 


'Btu/cu  ft 


Hydrated  Inorganic* Safts  . 

••  "Sodium  chrOmate  - 

.Manganese  nitrate 
Or:tho  Phosphoric  acid, 

•  Lithium  nitrate        s.  . . 
.    Calci  uij  chl  oride"  ,    •  ' 
Glauber  Salt 
Di sodium  phosphate 
Manganous  nitrate  » 
Zioc  nitrate 
-Calcium  nitrate 
Thiosulfate,  (Hypo) 
Nrckelous  nitrate 
Cobaltous  nitrate 

■  Cacjmium  nitrate 
-  -"  Sulfur  tri&xide 
Magnesium  nitrate 
Hy dr a  z i  n e'  hy d r o cnl  0 r i  d e 

'  Magnesium  chlortde' 


67.8 
79-.4 
84.8 
85.8 
86.4 
90.4 
94'.  2 
95t8 
97„.  2 
S.,6, 
9.4^ 
34.0 
1,34.7 
139.H 
144.0 
182.2 
198.8 
244.0 


78.4  • 

60.TT-* 

61.6' 
127 

73.2 
102.3 
121.0 

50.4 
-.66.1 

61.1 

40.7' 
.  65. -6 
'54.4 

45.7 
137. 

68.8 
.  55.7 

72.7. 


740? 
.  6570 
7-01 0 

18200  ' 
-  7570 
9320 

11550  . 
6240 
7180 
6900  * 
4710- 
833a 
8300* 

/6950 

16750 
9380 
7.700 
9000 


Anhydrous  Inorganic  Salts 

'-'..Arsenic  tribromide  . 
.Meta  Phosphoric  Acid' 
Phosphoric  acid 
'4   Antimony  trichloride 
Antimony  tribromide 
'Aluminum  bromide' 
'Ammonium  acid  sulfate 
^ Ammonium  ,nitrate_ 
Potassium  thiocyanate 


16.0 

46.2 

67.4 

24.0  • 

16.6  1 

18-.  2  ' 

53.5 

2Z.4 

48 

45W- 

34  80 

67.  8- 

6030 

64.9  . 

■,.4620  ■ 

70*.  0 

j  '5280. 

76,2  ■ 

4500 

.,85.4 

i  4500-  ' 

.99.0 

■ . 4900 

Waxes  and -Organic  Solids 

Anthrac-ine  V 
AntfTraquinone 
Naphthaline  < 
NaphthoV.  ■  I 

Peaes  wax  ' 
,  Stearic  acid,  ( tal  Iqw) 
Amorphous  para ffin>wax 


205 
545 
176 
203 
143 
'169 
166 


r 
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SENSIBLE  HEAT  JSTORAGEj  .  \ 

Sensible  heater*  stored  when -the  temperatur6  of  a  storage  medi'um 
increases^    Water       pebbles*  are  the  most  common  materials  used  for 
sensible  heat -storey  because  they  are  low  in, cost  and  readily  available. 
Any  thermally  and  chemically  stable  solid  or  liquid  may  be  used  if  the 
costs jare  justifiable.  •  • 

The  amount- of  hpat  "required  to  raise  the  temperature  of  one  pound  of 
matter  one  decree*  is  the  heat  capacity  ofvfche  material.  -  Heat  capacities 
for  common  mater*ial£  are  lis#fed  in  Tab^e  p-2f  tn  .terms  of  .both  mass  and  * 

volume.  ' 

•  /    ■  •  Table  6-2         *  «    "     *  . 

/     Heat  Capacity  V^lue^  .  . 


Mat&^ial 


Wood  * 
Steel 

0.75  to  T.5  inch  rock 
Wat&r        "  .  „ 


HefeJCapacity 


Btu/ipr 


0.6 

0.2 
■1.0 


Btu/ft3  °F 


45 
54 
20 
62 


It  will  be/no ted. that  water  has  three  times  the' heat  capacity  as  » 

.  ,  .  ■■  *  • 

Compared  to  nocfc  for  the  same  volume.    This  means  that* a  p£bblerbed  storage  , 

*  *  **" 

unit  would  be  three  times^larger  than  a  water  tank  to  store  the  aaipe  •amount 
*  • 

of  heat.*.'       i     *»  1  *  .     >  x 


SOLAR  HAT  STORAGE  SIZE 


ERJC 


Precise  heat. Storage  sizing  1s  not  required  for  solar  systems,  but- 
there  is  an  economical  size  for  a  giWn  installation.    A  very  large 
volume  of  storage  does  not  result  in  providing  more  solar  heat  to  the 
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building  enclosure  a s*  compared  to  §r\  adequately  sized  unit.    Thus  a  dis- 
proportionately  large  storage  capacity  relative  to  a  fixed  coUtAifftg  area 
is  'not  >useful .* 

.   •     ■  -  #. .  • 

A  solar  system 'that  is  to  provide  -a  major  fraction  (}f  the  aRrvual 

^         \  •  „  %  « 

heating  load  for  a  builtiing  should  provide  for  overnight  "heating  from  the 

•    ■   '  -    .    .  •   ■  *» 

solar  energy  collected  durfng  a  'normal,  winter  day.    If  the  previous  day  V* 

was  cloudy,'  then  the  system  will  depend  upon  the  auxiliary  unit  to  pro- 

vide  heating%  A  larcje  solar,  collects  area  which  provides  more  heat  than_ 

v.     .  ,  «  ' 

js  needed  by  the  bui ldin_g^will  have  excess  heat  that' can  b^  stored  )r\  a 
large  storage  volume.    Such  a  system  could  store  enough  heat  far  use  over 
several  days  if  there  is  no  sunshine.    The  cost  of  the  system  increases, 
however,  because  of  the  larger  collector  aVea^and  storage  volume.  The  most 
.practical  siW  to  consider  is*  a -so*la,r  system  tha?  w4 11  provide,  for  20  to 
30  hours  of  heat>qg^  during, Tiormal -winter  days.    The  recommenced  s-ize  of 
Storage  relative  "to  collector  area  isj  one  to  two  gallons*^  watef  ior  a 
liquid  system, ^r  one-half  to  one  cubjic*foot  of  pebWes  per  square  foot  of, 
collector  area  for  an  air  system.   Asol^r  system  for  a  residential  build- 
ing with  500  square  feet^of*col lectors  should  have  a  storage  unit  with 
about  700  gallons  of  water,  capacity ,  or  300  cubic  feet  of  pebbles.  The 
installed  cost  of  such  'a 'storage  upit  would  range  from-$500  to  *il,000.*  - 


HEAT  -LOSS  FROM  STORAGE 


If  the  heat  storage  unit  is  pi acecf  inside  th-ej>uilding  enclosure,  the 
loss  from  the  unit. will  be  to  the  building  ^ntenor.    In  the  heating 
season  the  heat  is  effectively  .utilized,  but'in  the^summer  the* heat  loss 
from  storage  will  add  to  the  cooling  load.   -By  placing  the  _StOfagelunit 
within  a  vented  arfd  insulated,  room,  use  ofvthg. heat- lass  "from  storage  can 
be  effectively  Controlled  during  winter,  'and  summer.  *       '  *  . 


er|c 
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s  '         •  LOCATION  OF  SOLAR  HEAT  STORAGE         •<  .  • 

*  Solar  h^at  storage  units  may  be  located  above  of- below  grade  and  . 
^either  inside*  the  heated  building  or  outdoors*'    It  is,  recommended  that 

ttoe  storage  unit  be  placed  within  the. building  enclosure  whenever  ptfs$4-bl 

*  ■  s 

and  clos^'to  other  solar  equipment.    An  -indoor  storage  location  has  the" 
advantage'  that  it  is  protected  from  moisture  and  cold,and  the  heat  loss  .* 
from  the  storage  unit  will  -assist'  in  heating  the-building  jn  winter.  The 
'disadvantages  of  locating  the  heat  Storage  uni  Cindoors  are- that  heat  - 
loss  to  the  building^adds  to  the  cooling  load  during  the  summer  and  a 
finite  amount  of  relatiyely  expensive  space  must 'be  provided.-* 

When  a  storage  unit  is  placed  underground,  the  insulation  .fcust  be  of 

a  kind  which  wil>  not  absorb  moisture.    Materials  ;suctras  neoprtfne  foam  . 

>  * 

or  styrofoam^ould  be  suitable The  tank  should  te  placed  below  the^.  \ 
frosty  line  unless  a  opncrete  lined  pit  is  provided  Jor  the  tank,  pumps,- 
and  other^lquipment.    The  ptlmps  which  circulate  the  storage ywater  should 
be  placed^  at  a  level  to  prevent  vapor  locking  at  the  impellers^ 


-  WATER  HEAT  STORAGE,         '  *  -  <     :   '  •  *  " 

Water  shpuld  be  used  for  „heat  storage  if  a  liquid  is  Used. as  the 
Tieat  transport  medium  in  the  solar  collectors.    If ^an.Wifree^ solution 

*'  «S|  ' 

is  needed  in  the  collectors,  it  is  advisable. .to  separate  the  fluid  cir- 

•  t  .  ii 

culation  loops  with  a  heat  exchanger  between  the  collector  and,. storage 
loops.    If -freezing  is  not  6f  concern,  water  from  storage  may  be  circu-* 

Jated  through  the  collectors  without  hea't  exchanger  ^anf^the  Storage  / 
water  is,  pumped  directlyMto  the  heating  coils  o*  the  dJ>sorpti6n' cooling^ 

-unit.  •  ,   „  .  . "  !  *  * 
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•Four  conditions  must  be  avoided  when  using  water  for  heat  storage. 

They  are:  . 
*  ~ 

.  "  .      '1.     Freezing,  in  cold  climates  ,*  * 
V-^   ,        2.     Boiling,  with  resultant  buil d^-up  of  pressure 
- '  *      in*  the  system  <  .  *  • 

^      1      3.   %  Corrosion  of  this -storage  tanks  and  pipes 

\  •  4.     Leakage  „    -    •  . 

,  Because  it  is  prohibitively  expensive  td  provide  enough  antifreeze  in 
.  a  water  storage  tajik  to  project  against  freezing,  it -is  recommended  that^ 

the  defter  storage^nk  be t placed  inside  the  bui.ldipg  or  underground  below 

**      '    »  i  •".«"- 

the*  frost  line.    A  storage  tank  inside  the  building  .is  preferable  to  one 
.underground.   >teat,loss  from  underground  tanks  is  not  recoverable  for  use- 

ful  purposes-.    Al  so*  repai rs „  i f -necessary,  are  easier  on  indoor  tanks, 
BoiVing  can-Sccur  in  th^  steerage  tank  and  provisions  should*be  made 

to  .prevent  damage  to  the  system  or,  to  the  contents,  of  the  building. » While 
.  it  is  an  'uncorrenon  occurrence  for  wel  1  -designed^ystems  during  the  heating 

season,- frequent  boiling  may  b^  expected  during  the  "summer  if ,  the  heat  is 

not  used  to  operate  a  chiller.    The  steam  that  is  produced  can  be  easily  • 

vented  outsMde  the  building  to  prevent  pressure  build-up  in  the>tank  and 
*<w  — 

to  "dump"  the  heat  from  the  .System;    A  gipe  from  the  top  of  the  tank  to- 

*'  * 
the  outdoors  with  fa  low  pressure  reVief  valve  is  sufficient.    For  a  oon- 

4 

.  9  *■ 

pressurized  system,  a  pressure- .relief  valve  $£e*not  required, 'but  a  float 

controlled  valvp  to  provide  make-up  water  in  the  storage  tank  should  be' 

'  provided.  .Frequent  boiling  of  storage  water  will  catise  build-up  5f  ^ 

I 

..mineral  ^deposits  with  consequences  in  corrosion  unless  water  softeners  • 
■  *  • 

are'used,  *  *  *  * 

A  "high  temperature  .shut-off  CQntrol  on  the  collector  pump  may  be 
.    •       used  with  some  collectors  to  avoid  boil^Qij.    Many*  col  lectors ,  however, 

ERIC  '    -  ^        .  .       ,r    \     lt)b  v  v 
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are  not  designed  to  withstand  the  high  temperatures  which  result  from  no* 

flow  for  an  extended- peribd;  thusj  tf\e  ^cfcticg  of  stopping  circulation 

*  f      '  '  '  * 

is  (iependeqt  upon  the  type  of  coilegtor  that  is  selected.     4  * 

z  -  * 

Corrosion. is  a.  potential- problem  whenever'-water  is  contained  in  a 

metal  tank  anct  the  probability  of  corrosion  Neatly  increases  with 

temperature.^  fiberglass  lining  to  protect- against  corrosion  and  water 

softeners  will  increase  ti^|  life  of  the  tank  but  ad^Jcosts  to  tfie  system. 

Corrosion  often -occurs  at  the  pipe- connections  to  the  tank.  - 
dissimilar  metals  are  used,  galvanic  corrosion  will  result.  Therefore, 
neoprene  rubber  hoses  should  he  used  to  connect  capper  pipes  to  stefeT\£  • 
tank 'fit ferngs.  *  ,/v 

Water  leakage  must  be  prevented  because  it  can  damage  tank  insula- 
tion  aricfother  materials  near  the  tank.    Because  there' is  difficulty  in 
locating' a  leak  after  Tt^u|ation  is  applied,  "the  tank  should  be  leak 
tested  vfith  all  fittings  in  place  before  insulation  is  applied." 


PRINCIPLES  OF  WATER^TORAGE  TANK  OPERATION 


Useful,  heat  is  stored  between  a  minimum*  threshold  temperature' and  a 
maximum  critical  temperature,  which  is  usualjy  the  boiling  point.-  Tf}e 
minimum  temperature  is  the  lowest  useful  temperature  th'at  can  provide  . 
heat  to  the  load.    For  space  cooling  thv§  is  about  180  F;- for  space 
heating,  90°F;  and  for  service  water  .heat ing,  6.0°F.    The  maximum  critical 
temperature  is  the  bbiling  point  for  a  vented  tantrand  couTd  bjg  a  higher 
temperature  for  a  pressurized  tank.    The  pressures  that  will  build  up  in 
the  tank  at  various  temperatures  above  boil  ing  .are  listed  in  Table  6-2, 

4 

If  the  maximum  allowable  pressure  invthe  tank  is  30  psi,  for  example, 
the  maximum  allowable 'Storage.*  tank  temperature  is  274°F. 
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Table  6-3     *  ' 

Maximum  Critical  Temperature  and  Maximum 
,  *         Allowable  Tank  Pressure 


•  :  *  ^ 

Storage  Tank  Pressure" 
(psl)i 

Max i  mum  Tpmnpratu  rp 

*       /\  1  muni      1  CIIJLJGI  U  L.U  1  C 

-  CF)  : 

*-■  o 

212      "  ' 

10 

239 

20 

'  259 

'30 

274  - 

40 

287  * 

50 

298 

The  top  of  the  storage  tank  will  generally  beSotter  than" the  bottom, 
and  the  magnitude  of  the  temperature  difference  is  a  function  of  tank  height 
and  diameter.  'Any  temperature  stratification  achieved  is  useful  because 
the  lowest  temperature  possible  is. pumped  to  the  collector,  which  improves 
the  performance  of  .the»col lectors,  and  the  highest,  temperature  available 
is  deJiyered  to  the  heating  c$fils  to  heat  the  house.    This  arrangement  is 
illustrated  in  Figure  6-1,  *  • 

//  '  »  Vent  * 

or/ / 


Collector  / 


f  V 


HEAT 
EXCHANGER 


•  Hottest  Water 
From  Collector 
Heat, Exchanger 


ovfeSt 


Lbvfest,  Water 
Temperature  to 
Collector  Heat 
Exchanger  ; 


Hottest  Water 
to  Loads  % 
 ► 


Return  from  Load 
to  Cold  Part  of 
Tank 
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Figure  6-1.    Operation  of  a  Water  Heat  Storage  Tank 
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WATER  TANK  INSTALLATION     ,/       ~_  • 

-*    Storage  units-are  normally  the  first  of  the  solar  components  placed 
i'n  the  buiVding  during  construction.    Because  of  their  size,  it  is  advan 
tageous  .to  install  the  tanks  before  the  building  is  enclosed.  Exterior 
buried  storage  units  may  be  installed  af,ter  tlte  building  is  erected  and,  '  , 
economically,  the. excavation  and  concrete  work  for  the  storage 'unit 
should  be  scheduled  with  the  building  foundation  work.-  Water  storage 
tanks  should  be  movable  ftom  the  buildiiig.  because  of  the  possibility  of  • 
future  replacement.    If  a  \rge  access  for  the^ank.is  not  possible  in 
the  building  design,  severa  Vernal ler . tanks  may  be  nested  together,  or 
the-tankniay  be  of  a  type  that  can  be;  assembled  and  disassembled. 

The  storage  t^frr^ouJd  be  welt 'insulated  (R-20  or  better),  .on  all 
surfaces,. including  the 'bottom.    The  bottom  is  more  difficult  to  insulate 
because  it  must  withstand  the  ftlled'tank  lp.ad  (about  70^pounds  per 
square  foot  for  each  foot  of  depth,  i.e.,  420  pounds  per  square  foot 
for  a  six  foot  tall  tank).    Also,  the  insulation  should  preferably  be 


.moisture-resistant  orprovided  v/ith  ventilation  air  -spaces^  as  shown 


/ 


in  Figure  6-2,  which  illustrates  a  practical  tank  bottom  insulation 
arrangement.    The  side  and  tot/  insulation,  which  may  be  fiberglass  wool 
'    or  foam  insalatiort,  may  be  installed  later,along  w1fh  other' equipment. ■ 
f  :     The  pipe  connections  should  be  provided  with  the  tank.    Leak  testing 
of  all  tank  .connections  is/advisable  before  insulation  is  applied.-  Not. 
Drily  are  leaks  difficult  to  detect  after  being  covered  with  insulation, . 
the  heat  loss  .through  wet  insulation  is  so  large  that  it' is  equivalent, 
tof  insulation    Standard  plumbing  precautions  should  be  exercised  by  , 
racing ^shut-off  valves  at  strategic  locations  to  isolate" the  tank,  heat 
'exchanger,  pumps,  "ar/d  other  appurtenances.    Drain  connections  should  be 
r  ...provided  with  a  valve  and  hose  connection.    Neoprene  (high  temperature) 
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Figure  6-2.    Bottom  Insulation  and  Support  Scheme  for 
Water  Storage  Tanks  \  m 


rubber. hose  connection  between  the  tank  and  the  piping  is  advised^to  pre- 

vent  strain  at  the  tank  connection  and  to  protect  against  corrosion  where 

dissimilar  metals  are  used.    A  bulk  head  fitting* 'as  illustrated  in 

..„■**  * 
Figure  6-3,  is  an  alternative  way  of  providing  connections  to  the  tank. 


er|c 


TANK  W,ALL 

BULK  HEAD 
FITTING 


'  Figure  6-3. 


RUBBER  GASKET 

Bulk  Head  Type  Connection  . 
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WATER  STORAGE  TAN K--WTERIALS        /    ,    \    '  / 
Water  storage'  tanks  may.'be  made  of  concrete,  fiberglass,  or  steel! 
The  costs  of  these  three  tanks  are  nearly  equal,  at  about  qne  dollar  per 
gallon  of  capacity,  including  the  insulation.-  y 

•  :  .  •'  .      '  :  '•  '    .  )■■■ 

Concrete  Tanks  f  -  • 

Conqrete  tarfks  are  durable. but  difficult  to  install.    Some  prefabri- 
cated units,  such, as  septic  tanks  and  large  diameter  pipes,  may  be 
assembled  and  used  as  water  storage  tanks  or  they  may  be  cast  in  place. 

Although  conductivity  of  heat  through  concrete  is  less  than  throl$gh  , 
metals,  concrete  tanks  should  be  insulated  to  reduce  heat  .loss.    A  high 
temperature  sealant  on  the  interior  surface  or  a  watertight  liner  is 
recommended  to  prevent  .seepage  of  water'  through  the  tank, 

,  h  ■  .'■       "        »  '    - . 

\  r — *  - 
Fiberglass  Tanks  - 

. 

Fiberqlass  tanks  are  corrosion  resistant,  but  have  limitations  with 
regard  to  temperature.    Although  some  fiberglasS( will  withstand  tempera- 
turejs  over  212°F,  many  commonly  fabricated  tanks  will  hot  tole'rate'  • 
temperatures  above  160°F.    At  high  temperatures,  the  bonding  resins  in 
the  fiberglass  soften  and  the^iaterial  begins,  to  flow..  # 

^si:riLnMj ^Galvanized  Steel  Tanks  ^  ■  #  . 

Steel  tanks  are  readily  available* and  suitable  for  water  storage. 
Glass-lined -or  galvanized  steel  tanksr  while  costing  more,  may  be  used 
effectively  to  reducethe  rate  of  corrosion  inside-  the  tank. 


rv 
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PEBBLE -BED  STORAGE 

f.  *        •'     _  • 

aoiar  neated  air  is  passed  directly  through  the  pebble-bed  from  top 
to  bottom.    As  the  air  passes  through; the  pebbles,  heat  is  transfe/red 

•  from  the  air  to  the  rocks  so  that  the  rock  -temperature  rises.    The  cool 

•  air  which  leaves  the'  bottom  of  the  pebble-bed  is  returned  to  thecollec-  • 

* *  * 

tors  to  be  reheated.    The  top  Qf  the  pebble-bed  will  be  warmer  than  the 
.bottom  because  of  hot  ai>  supply  from  the. col  lectors.    After  sundown  and 
discontinuance  of  air  circulation,  the  pebble-bed  will  maintain  this 
temperature  stratification  because' heat  conduction  through  the  bed  from,, 
jone  pebble  to  another  is 'small.  . 

The  stored  heat  i-s  delivered  to  the  building  by  circulating  room 
air  through  the  pebble-bed  in  the  direction  opposite  that  of  the  storing 
cycle,  that  is,  from  the  bottom 'toward  the  top  of  the  pebble-bed.    As  . 
the  c{>ol  air  flows  through* the  spa^esv between  the  pebbles*  U  is  heated 
and  the  warn  air  is  recirculate^  to  the  rooms.    The  bottom  of  thepebbVfe- 
bed  is  always  at  the  lowest  temperature*  usually  room  temperature,  and 
because* the  coldest  air  is  delivered  to  the  collectors,  the  collectors 
operate  at  maximum  efficiency.' 

\ 

•    The  hot  end,  or  collector  supply*  end,  of  the  pebble-bed. i,s  prefer- 
ably.'at  the^op  to  prevent  heat  loss  to. the  floor.-   If  the  Jaybut  requires 
the  ho^^nd  at  the  bottom,  two  inches  of  rigid  fiberglass  board  should\e 
placed  under  the  unit  to  ^reduce  heat  loss  to'  tlrer  floor. 

...      ■  ■.         <_  :K  . 

PEBBLE-BED  INSTALLATION      •    -  '     -  •  "  *~ 

-■.i  <.  -  —  •» 

'  J* 

A  maximum  depth  of  abbtrtTsix  feet  of  pebbles'  Is  recommended, for 
acceptable  floor  loading  and  air  pressure  loss-  r  The  pressure  dr6p  also  - 
^depends  upon  size  and  uniformity  of  the  pebb.les 'At  a  typical  ajr 
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velocity  of  about  20  feet  per  minute  through  five  feet  of  0.75  to  1.5 
inch  grave],  the  pressure  drop  will  be  about  0.3j'nch  water  gauge. 

^ 

'As  shQwn  in  Figure  6-4,  the  pebbles  are  supported  on  a  wire  screen, 
such  as  "expanded  metal",  which  in  turn  is  supported  on  bond  beam  blocks  . 

for  maximum  free  area  to  air  flow  in  the  lower  plenum.    Coverage  erf' the 

m 

bottom  by  the  supporting  blocks  should  be  about  50-percent  for  light- 
weight screen  support.    If  a  H^avy  mesh^woven  or  welded  wire  Screen  c4s 
used,  the  block  spacing  can  be  greater.  / 


Cold  Air 
Connection 

1-ln.  Concrete 
.  Aggregate 


Rigid  Irtsulation 


Cone.  Cap  Block 
Bend  Beam  Block 


Figure  6-4.    Pebble-Bed  Heat  Storage  Unit 
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.  Although  Jiori-zdTttr]H8^  his  opcas-ion^T^b^ln'  irsed  in  pebfeje-beds, 
heat  exchange  effectiveness  has  been, lower  than  in  vertical  beds. 
By  channelling  of  .aitf'flow  acros^  the  top  of  the  bed,*  bec$yse*ot/the  ' 
tendency  far  warm  air  to  -flow  through  the  u$per  paft  artti  cpot  air  through 
'the  Bottom,  the  effectiveness  6f  stratification,  is^  impaired.    If  a  hdri- 

•  ■( 


zontal  arrangement  cannof  6e  avoided,  vertical*baffles  sjhould 'be 'provided 


^  to  prevent  a  "short* circuit"  wfitn  the  rock  settles*.*  This  arrangement  is 


illustrated  in  Jigi^re 


Screen 

NT 


Screen 


h4> 


\ 


'     ^/Vigufe  6-5..  Horizontal  Flow  Pebble 


P^BBLE^EO,  CWTAItfeRS 


s  ■ 


;  Pehble-beds  may  be  conta-fted  iriApod  fr£mS  boxes',  concrete  block 


erJc 


,walls,  of*  cyl  indrical  •  steel  bins.    Wood  frameaboxes  can  be  buiK,in 
-»    place  where  access  is  limited.    Steel  \yire  or  tie  rods  should  be  placed 
^across  the"  bbx  to  prevent  the'-sflfes  frombulging  undfrr  the  pressure  of 
-the  pebbles,    framing  should  be  of  construction  grade  2x4'$  on  onevfoot 
\  -centers*'  One-half  inch1  plywood  can  be  used  on* both  sides  of  the  2x4 

studs  ari(t  the  spacefilled  with  three  and  ohe-half  irfcfv  fj^erglass  roll  ; 
*   insulation.  /         *  %  .  ■  #  "  - 
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Sttel  bins  make^nSfent  pebble-bed  containers.  ^Jhjy  can  be 
assembled  by  boltingWrvecl  sections  together  on  .the  job*  site.  'A  durab 
-caulking  compound  must  be  used  at  the  joints*to  prtvent  air  leakage.  • 
Two-inch  foam  insu'l^krti  -shoul  d  be  cut  into  segments  and  placed  around;  • 
the  outside  of  the  bin.  -  .-/■       \  ,  :< 

Concrete  block  may  also  be  used,  for  the  pebbl^ped  walls.  Steel 
reinforcement  £Ods  three-ei.ghths  inqfi  (3/8")  in  diameter  should  be  'placed- 
acT-oss  the-  bed  every  two  to  three  feet  to  support  the  walls".  Two-inch. 

•rigid  fiberglass  insulating  board  should  be  used -to.  line  thejnside  of 

*  -        ■      *     *  *  9  ' 

m  *  , 

_the  block  walls.  *  - 

A  concrete  bin  ts  relatively 'ecMomicSl  when  constructed  w$t;h 

basement  walls.    Two  additional  walls  in  one' corner  of  the  basement 
level ,« with?  suitable  openings,  form  the  r^:  bin.  "Rigid  insulation  on 
.the^inside  or  outside  Can  be  added  to  reduce  thermal  losses.  After' 
filling,  an  insulated  cover  on  a  2x4  frame  C,an  then.be  installed.  . 


ROCKS  FOR .THE  PEBBLE-BED  3 


.    '     Any  type  of  rock  suitable 'for' concrete  .aggregate  can  be  used  in 

,i  ,  ■  * 

#-t%  pebble-bed.    Size"  uniformity  is,  important  .in  order  to. provide  .proper 

air  flow  through  the.  pe-bble  bed  and  graded  gravel  shouldriot  'be  used.^J 

One-inch  concrete  aggregate  is  screened  so  that  the  sizes mary  from 

*  0  75  to  1*. 5  inches  ^and  the,  aggregate  is",  suitable"  for  the\pebble-bed.  •- 

'    <    The  .pebbles  should  be  f»jee  of,  fines, and  contrete  aggregate  is, 

normally  acceptable.    The- bed  sTfculd  be  filled- by* using-* .a  chute  so'that 

fracturing  will  be  minimized  and  "damage  to  the  walls  and  bottom  of  the- 

unit  will  be  avoided.  f       ,  -      0,V    ,  r  '  *  , 

*>.  .  ■  ' .  -  »  *  ' 
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for  jjeating 


••  INTRODUCTION   ~~  "* 

*    The  oldest' and  simplest  domestic  use  of 'solar  energy  is 
water.  ^Solar  hot?water  heaters ^ere  used  in  the'  United  States- at  least 
75  years  ag©,  first  in  southern' CaJ  ifbrnja  ancMater  in  southern  FT  on  da. 
Although  the  use  of  solar  water  heaters, in  thesve  regions  declined  during* 
the  last  40  years,  use  in  Australia, ( Israel ,  and  Japan  has  risen  rapidly, 
'particularly  in  the  >ait  15v  years. 

"s       In  its  siniples^^rm,  a  sola r  ,watfpr> heater  Comprises  a- flat-plate 
Water  heating  col lect&r  and  an  insulated  storage  tank  positioned  at  a 
higher  leve;l  «  than  the  collector.    These  components,  connected  to^the 
cold  watefr  main  and  the  hot  water  service  piping  ^in^the' dwelling^  pravide 
mo£t  of  the  hot  water  requirements  in  a  sunny'  climate.*  Nearly  all  of 
thesqlar  hot  water  Systems  used  fn  the  United  §tates  havl*been  of  this 

type.     •       L      •  '  ••       •  •      •    •  .  . 

^  -  i  s  - 

.     ,  '.  >        OBJECTIVE;     '  . 

•     "  '  '    i     ,       ■  " 

The  objective  is  to  choose,  a  particular  arrangement  sin  tattl  e  for  - 

,a  given  location,  size  the  system  for  a  given  collector  type  arfd  hot  - 

water  requirement,  inst'alKthe  system,  and  be  confident  of  satisfactory 

operation.    From  the  contents  of^this  moduTe.  the  trainee  should  be'able 


dentify  the  types  of  domestic  hot  water "systems 
available,  . 
2t     Select  a  domestic  fibt  vwfter  system1  for  a  particular- 

location  and  applicati  On*         '  *     -*  yi* 
3.  t  Int^grat^  a  domestic  hot  yaterL sysftem  into  a  space 
heating  system,  J  . 


f 
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^4.  ,  Install  and  put  into  oper#tion  a- domestic  hot  water  system', 
5.     Maintain  a^ domestic *h$k  water  system.  f 


TYPES  AND-  CHARACTERISTICS  OF  SOLAR  .HOT  WATER  HEATERS 

\    •>  '  v  .  •  . 

Most  of  the  solar  water  heaters  that^have  been  experimentally  and 
ctimnterciaVly  used  can 'be  placed^in  two-main  groups: 

1.     Circulating  types invol  ving  the  supply  of  solar  hteat 
,  '.to  .a  fluid  ciVcul ating 'through  a  colj^tor  and  sj^rage 


•  t 


of  hot  "water  in  a,  separate^tan^  ^ 

Non-circulating  types,  involving  the  Qse  of  water 

containers  that  serve  both  as  solar  collector  and 

*  storage.  \  \ 

£  circulating  group  may  Be  div^ed  into  the  following  types  %id  sub-types 

1.     Direct  heating,  single-fluid  types -in  -which  the  water 

* 

is  heated  directly*' in  the  collector,  by: 

*  •  -  % 

^- 

a.  ^  ThWmosiphon  circulation' between  collector  and 
storage 

•  *  *  ' 

Y 

by  4  Pumped* circulation  between  collector  and  storage 

j  v  *'  \ 

Indirect  heating^  dual'ffluid  types  in  which  a  non-  . 


"2. 


-  ^     -      *  freezing  medium^s  circulated  through  the  collector 
-  ,  for  subsequent  heat  e^cfjange  with  water,  wHfen: 

Va.     Heeft  transfer  medium  is  a  *non-freezing '1  iquid 
•  •    ,  b.    'Heat  transfer  medffftn- i s  air. 

MRBCT  HEATING/  THERMOSfPHON  (ffiuLATjNG  TYPE-  ;   <  ; 

The  most  common-  typeT of^soT.ar  water,  heater,  used  almost  exclusively  in 


nan 


^freezing  ctTmates,  is  shown  in  Figure  7-1.    The  coTTector,  usually^ 


Cold 


Collector 


r 


Storage 
v  tank 


Figure  7-1.  Direct  Heating  Thermosiphon  Circulation  Type  of  Solar 
„  -  Water  Heater 
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sirrg>e  glazed,  may  vary  in  size  from  about  30  square  feet  to  80  square 

feet,  whereas  the  insulated  storage  tank* is  commonly  in  the  range  of  40  to 

80  gallons  capacity  The  hot  .water  requirements  of  a  family  0/  four. 

-person^  can  usually  be  met  by  a  system  in, the  middle  of  this  size  range, 

i/t  a  aunny  .cljmate.    Operation  atf  supply  line  pressure  can  be  provided  if 

the, system  is  so  designed.    With  a  float  valve  irl  the  storage  tank  or  in 

an  elevated  head  tank,  unpressuri'zed  operation -can -be  utilized  if  the 

•»•-•*'  ,  \  . 

system  fs  not  designed.  fSr  pressure^  In  the  latter  case,  gravity  flow 

'  »  r 

from  the- hot- water  tank  to  hot  water  faucets  would  have  to  be- accepted,  - 

.a  •  ■ 

•or  an  automatic  pump  would  have  to  be  "prqyided  in  the  hot -water  line  to 


\ 
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supply  pressure  service.    Plumbing  systems  and  fixtures  in-tthe  United 
States  ndrmaljy  require  the  pressurized  system.  ^ 
Location  of* the  tank  higher  than  the  top  of  the  collector  permits 
circulation  of  water  from  the  bottom  of  the  tank  through  the, coll ector 
and  back  to  the  top  of  the  tank.    The  density  difference  between  j:old 
and  hot  water  produces  the  circulating  flow*    T^nperatCire  stratification 
in  the  storage  tank  permits  operation  of  the  collector  under 'most  favorable 
conditions, 'yfeter  at  the  lowest  available  temperature  being  supplied  to 
the  collector^and  the  highest  available  temperature  being  provided  to 
service.    Circulation  occurs  only  wherl  solar  energy  is  being  received,  so 
the  ^system  is  self-controlling.    The  hi-gher  the  radiation  level,  the 
-  greater  the  heating  and  the  more  rapid"  the  circulating  rate  will  be/  In 
a  typical  collector  under  a  full  sun,  a  temperatur^rise  of  15°F  to  20°F 
*  is  commonly  realized  in  a  singje'pass  through  the  collector. 

K 

To  prevent  reserve  circulation  and  cooling  of  stored  water  when  no 
solar  energy  is  being  received,  the  bottom  of  the  tank  should  be  located 
above  the  top* header  of  tffe  collector.  -  If  the  collector  is  on  a  house 

roof,  the  tank  may  also  be  on  the  roof  or  in  the  attic  space  beneath  a  . 

*  • ■ 

sloping  roof. 

Although,  sel dom  used  in  cotld  climates,  the  thermosiphon  type  of 

♦solar  water  heater  (storage  tank\bove  collector),  can  be  protected  from 

freezing, by  draining  £he  collector.    To  avoid  draining  the  storage  tank 

also,  thermostatically  actuated  valves  in  ,tbe  lines  between  collector  and 

storage  tank  must  close  whe'n. freezing*  threatens,  a  collector  drain  valve 

iiuist  open,- and  a  collector  vent  valve  must-also  open.    The  collector  will 

then  drain, and  air  will  enter  the  collector  tubes.    Water  in  the  storage 

* 

tank,  either  inside  the  heated  space  or  sufficiency  well  insulated  tt> 
avoid  ^freezing,  does  not  enter  the  col  lector  during  the  periodwhen 
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— sob-freezing  temperatures  threaten.    Resumption  of  operation  requires, 

•  # 

closure  of  the, drain  and  vent  valves  and  opening  of  the  valves  in  the 

-  •  _1  '  * 

-  circulating  line.  The  possibility  of  control  failure  or  valve  malfunction 
\  makes  lihis  complex  system  unattractive  in  freezing  climates. 


DIRECT  HEATING,  PUMP 'CIRCULATION  TYPES- 

  -  *  i  * 

••  \  If  placement  of  the  stor^  tank  above  the  collector  is  inconvenient^ 
of  -impossible,  the  t^k  may  be  located  below  t4he  collector  and  a  small 
pump  used  for  circulating1 water  between  collector  and  storage  tank.  This 

'  'arrangement  .is  usually  more  practical  than  the  thermosiphon  type  in  the 
United  States,  because  tiffe  'collector  would,  often  be  located  on  the  roof 
with "a  storage  tank  in  the  basement.    Instead  of  thermosiphon  circulation 
when  the  sun  shines,  a  temperature  sensor  a'ctuates  a  small  pump  which 

.-circulates  water  through  the  collector-storage  loop.    A  schematic  arrange- 
merit  is  shown  in  Figure  7-2.    To  obtairi  maximum  utilization  of  solar  energy 
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Figure  7-2.    Direct  Heating,  Pump  Circulation  Type  of  Sojar  Water  fleater 
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control  is  based  on  the  difference  in  water "temperature  at  collector 
outlet  and  bottom  of  storage  tank.    Whenever  this  dif^rence  exceeds  a  - 
preset  number  of  degrees,  say  10°F,  the  pump  motor  isr"  actuated.  The 
sensor  at  the  collector  outlet  must  be  located  close  "enough  to.  the  col- 
lector so  that  it  is  affect^  by  collector  temperature  even  when  the 

v    '  .  °  I 

pump  is  not  running.    Similarly,  the  sensor  in  the  storage  tank  should, 
be  located,  in  or  near  the  bottom  outlet  from  which  the  col  lector  vis 
supplied.    When  the  temperature  difference  falls  below  the  preset  value, 
the  pump-  is  shut  off  and  circulation  ceases.    To  prevent  reverse  thepno- 
siphon  circulation  and  consequent  water  cooling  when  no  solar  energy  is 
being  received,  "a  check  valve  should  be  located  in  the  circulation-line. 

If  hot  water  use  is  not  sufficient  to  maintain  storage  tank  tempera- 
tyre  at  normal  levels  (as  during  several  days  of  jion-use),  boiling  may 
occur  in  the'  col  l^qtor^   If  a  check  valve  or  pressure-reducing  valve 
prohibits'  back  flow  fronTfche  storage  tank  into  the  main,  a  relief  valve 
must  be  provided  in  the  collector-storage  loop.    The  relief  valve-will 
permit  the  escape  vof  -ateam  and  pcgpent  damage  to  the  sys 


DIRECT  HEATING,  PUMP  CIRCULATION,  DRAINABLE  TYPES 

If  the  solar  water  heater  described  above  is  used  in  f  cold  climate, 
\t  may  be  protected  from  freeze  damage  by  draining,  the  collector  when 
sub-freezing  temperatures  are  encountered.    Several  methods  can  be  used. 
Their  common  requirement,  however,  is  reliability,  even  when  electric 
power  njay  not  be  available.   -One  method  is  shown  i,n  Figure  7-3^ 

Drainage  of  the  collector  in  freezing  weather  can  be  accomplished 
by  automatic  valves  which  provide  water  outflow  to  a  drain  (sevyer)  and 
tbe  inflow  of  air  to  the  .collector.  -The  control  system  can.be,-arranged 
so, that  whenever  the  circulating  pump  is  not  in  operation,  these  two 
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Figure  7-3.    Solar  Water  Heater  with  Freeze  Protection  by  Automatic  Collector  Drainage 
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valves- are  open.    To  assure  maxijnum. re l.i ability,  the- valves- should  b£ 
mechanically  driven  to  the  drain  position,  (by  springs  pother  means), 
rather  than  electrically,  so  .that  in  the  event  of  a" power  failure",  the 
collector  can  automatical ly  drain.'  '  •  x  * 

•The  drainage  system  shown"  in  Figure  7-3  is  actuated  by  The  tempera 
tare  sensor,  Tc,  in  the.  collector.'  When  the  sensor  indicates  a  possi- 
bility of  freezing,  it  can  open 'the  drainage  and  vent  valves,  thereby 
providing  protection.-  The  temperature  se/isor  can  be  .of  the  vapor 
pressure  type',  with  capillary  tube  connections  to' mechanical  valve 
actuators,  or  of  the  electrical  type  where  the  valves'  are  held  open 
by  electrical  means-*  automatically,  closing  either  when  electrical 
failure 'occurs ,  or  at  low  .temperature^.  "*> 
Another -possibility  for  drafege  of -the  collector  is  based  on  uie 
■  of-.a  non:pressurized  collector  and  storage  assembly  as  shown  in  Figured 

7-4.    A  float  valve  in  the  storage  tonk  Controls  the  admission  of  cold 

•     -  '  .  +        .  * 

-water  to  the«stank^  and  a  pump  in  the  hot 'water  distribution  system  can 

furnish, the  necessary"  service, pressure.  ✓With  this  design,  the  solar  * 

,       \  s  i^n_to  the  storage  tank  whenever  the. pump  is'. not 

operating,  .as  a i reenters  the;  col  lector  #through  a  vent.'   '  ° 

Start-up  of  any  of  the  vented  collector  ^systems  must*permi,t  the  * 

displacement  of  air  from  the  collector.    In  either  the  line-pressure  ' 

system  or  the  unpressuri  zed  system,  the  entry  of  water  into  the-'  *'  ■ 

collector  (from  the  shut-off  val<ve  or  pump)  "forces  air  from  the  ■ 

collector  tubes  as  long  as  the  vent  remains  open.    The  'vent" valve  '  ' 

design. ca.n  be„df  a  type  which  automatical  ly.  passes  air  but'shuts  off  " 

^wben  water -reaches  it.  -  • 
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CIRCULATING  TYPE,  INDIRECT  HEATING      "    'I   •   • '    '  '  . 
'  ^  As  can  be  'inferred  from  the  above  dis'cussipns  of  needs  and  means  for 

collector  drainage  in  freezing  clima'Ws,  costs'and  hazards  are  involved 
^.^with  those  systems.    The. drainage  requirement  can  be  eliminated  by  the 

•  use  of  a  non-freezing  heat  transfer  medium  in  the, solar  collector,  and  a' 
heat  exchangeV  (inside  the  building)  for'transfer  of  heat,  from  the  Solar 

'  ■  heat  collecting  medium  %o  the  service  water.    The  collector  need  never 
be  drained,  and  Jthere-  is  no  r'^sk  of  .freezing  and  damage..  Corrosion  rate 
%        in  the  wet  collector  tubes  is  also  decreased*when  intermittent  admission 
/qf  oxygen  is  not  f-equired.  * 

Liquid  Transfer  Media  -  . 

.    Rigure  7-*5  illustrates  a  method  for  solar  water  heating  with  a 
'liquid  heat  transfer  medium  in  the  solar  collector.    The  most  commonly 
,  'used  liquid  is  $  solution  of  ethylene ^glycol  (which  is  common  automobile 
I'     radiator  antifreeze)- in  water.    A  pump  circulates  this, unpressurized 

solution,  as  in'the  direct  water  heating  system,  and  delivers  liquid 
tptd  and  through ;a  \iquid-to-l  i-quid  heat  exchanger.  Simultaneously,, 
another  .puhip  circulates  domestic  water  from, the  storage  tank  through^  - 

*  the  exchanger,  'back  to  storage.  The  control,  system  is  essentially  the 

same  as4  that,  in  the  design  employing  water  In  the  collector  directly, 

-  ' "  ;<-r&**  •  - 

If  the  heat  exchanger  is  located  belew  the, bp t torn  of  .t,hje  'ij^fege  tank, 

and  if  the  pipe^iizes  and  heat  exchanger  design  are  adequate,  thermo-  , 

fr  *     ^siphon  circulation  of^waier  through -the  beat"  exchanger  can  be  used.    A  " 

■     .  small  e*pansion\^an|c  ^eeds  to  be  provided  in  the  collector  loopTpref- 

/  ;  erably  near  the  'high  point  of  the  system,  with  a  vent  to  the  atntosptere. 

.  To  meet  most  code  requirements,  the  heat  exchanged  must^e  of  a 

design  s*uch  that  rupture  or.  corrosion'  failure  will  not  permit  flow  from 

*  •  ^  '* 
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t&    Figure  7-5.    Dual  Liquid  Solar  Hot  Water  Heater 
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the- collector  loop  intothe  domesticj*/ater , -*eveft  if  pressure  on  the  water 
side  of  .the  exchanger  drops  below  that  on  the'^iti freeze  side,.  A  con- 
ventional tube-and-shell  exchanger  would  therefore  not  usual Jy  bfe  . 
acceptable^   Similarly;  a  coil  inside/the  storage  tartk,  through  which 
rfhe  collector- fluid  is'  circulated,  would  nc^t  be  satisfactory.  Parallel 
tuljgs.virtth  .metal  .bonds*  between  them,  so  that -perforation  of  one  tube 
could  not  resell £" in  liquid  entry  into  ttfe'  other/tubei  would  be  a  suitable 
design.  !ft  finned  tube  air-to-liqujd  hea^t  exchanger  could  al50.be  used  by 

circulating  the"  two  1  iqui'ds* through  alternate  rows  of  tubes,  hQat^trahsfer 

'     .     :  "  ■   "     -  * 

being  by  conduction  through  the* fins.  • 


lykl 


*  'Al though  aqueous  solutions  of  ethylene  glycol  and  propylene  glycol 
appear 'tflT be  most  practical  for  solar  energy  collection,  organic  liquids 


*  1  % 
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sucR  as  Dowtherm  0<and  Thermihol  55  may  be  employed.  Price  and  viscosity 
are  drfcwbadjs,  but  chemical  stability  and  assurance  ageuns.t  boiling^are 


advantages  over  tfie  antifreeze  mixtures. 


Solar  Collection  .in'  Hea^^ir,  ^' 

In.  a^manne»^imilar  t9*  £hat  described  Jmm^iat'el^/^ove^  solar  energy 
can  be  employed  in  art  air  hjeating  collector  with  subsequent,  transfer'to 


domestic.water  in  arf  air-£o-water  bfeBt  exchanger.    Figure  7-6  illustrates 
a  method  for  employing  this*tconcept.    A  solar  air  heater  is  supplied  with 
air  from  a  blower,  the  a\r  -is  hea^tgd  by  passage  through  the  collector,  1 
and  the  hot  air.  is  then  .cooled  in  the  heat  exchanger  through  which  domestic 
water  from  a  storage  tank  is  either  being  pumped  of  M ^circulating  by- 
thermosiphon  action.    Air4  from,  the  hea-t  exchanger  is  recirculated  to. the 
collector.    Differential  1  temperatyre  control  (between^lol.lector  and  stor- 
age)  is  employed  as  in  the  other  systems" described:    Adyant^ges  of  the  air-' 
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heat  transfer  medium -are  the  /absence  of  corrosion  .in  the  "collector  loop, 

fireedbm  from  liquid'  leakage';  iind-  freedom  from  boiling  and  loss  of  colle'c- 

tcr  fluid.    Disadvantages  arfe'the  .larger,  condi/it  b&twjeen  collector  and 

'     /  •     "   '  '  " 

heat  exchange^,  higher  p^Wer* consumption  for  circulation,, -and_sl ightly 

' '  '  '  .  '  •*•„''.  . 

larger  collector  surface  requirements.  "  »  • 


/  1 
NON-CIRCULATING  TYPE, 


V 


.'    Althpugh  prdbably  of  little  potential  interest  .an'  the  United  States, 
•  >  J       *   r  '.'<„•«•  '  ' 

a  type  of  solar  water  heater  Extensively  used  in  Japan  involves  heat  " 

'  ,  -  • «    "  *  '  '  ;  '■> 

collection  and  water  storage  in 'the  .same  unit.>  The  most  common  type 
comprises  a  set  of  bl<ack  plastic  tubes. about  stV  inches  in  diameter  and'* 
^everaj^feet  long  in  a  glass -cove red  box.  vjjpually  mounted  fn  a -tilted 


position,  the  tubes  are  filled  e#ch  morning  with  water*  'fri' Which 


solar  .heat  iS  collected  throughout  the.  day.    The0ftTling  can  be  accom-  ' 
pi  i shed  by  s  *i  oat-con  trailed  vSlve  and*  a  small  supply  tank,  .late  in 
the  day,    heated  Water  can  be  drained  ftr0p  the  tubes  fQr  household  use. 
In. typical  Japanese  Jnitallations, -non-pressurized  hot  water  service  is- 
'thus  provided.    Heat  Idss  from  the  system  Ji  s  sufficiently  high  at  night  < 
■  that  hot%iter  is  usually  not  Available*  unti-1  several  h^urs  after  sunrise. 

■  \    •  V  .  '  J*       .  , 

••  '    .   .    w  .       '  AUXILIARY .rfEAT       .  t         .  " 

4  -  e  *4* 

w 

nu  uw      c^u  (ico    wic  uvai  laun  i  iy  ui  , 

,  arux|Viary  he^for  supplementing  Jhe  solar  source.    ,The  numerous  methods' 
"bf  providing  auxi!4ary  heat  vary  inmost  and  effectiveness.    A  geheral  - 
*pr*nciple  for  maximizing  solar  supply  and  minimizing  auxiliary  users' 

|  v  ,  *   .  *   '  *     "  ,  •     '  *  %      .      A.  A  ,   t     0  # 

the  avoidance  of  director,  J-ndireet  auxiliary  heat  input  to4t;he  fluid 


•A  dependable  supply  of  hot  water  requires' the  availability  of  , 


•  •  7-14:'.  • 


.  entering  ;the  solar  collector.    If^auxil iajry  heat      added-~to 'the  solar^ 

*  '       •  *  •  •       *  *  \ 

-hot  water  storage  #  tank',  so  that  the  temperature,  of  ihe  ^liquid  suppTi^ed 
to  the  collector  .is  increased  above  that  which  only  the  solar  system 
would"4)Vovide,  efficiency*  is  reduced  because  of-higher  heat  losses  from 
the  £oll.ec,tor.    Thus,  auxiliary  heat  .should  b£  added  at  a  point  beyond 


-  .  '-(downstream  from)  the  "solar  col  lector-storage  system/  Figures  7-3  and  7-4  V 
show  a 'conventional  gas-fired  hot  water  heater  being  suppl  ied'  wi th  hot  l" 
1  water  f  rom  *the  stffar  tank  (whenever  a  "hot  water  tap  is  "opened)/  Any.'  , 

-  ;  ';      ••        .   .  ' 

deficiency  i^i  temperature  is  made  up  by  fuel,  in  the  thermostatted  conven-  ^  - 

tional.  heater.    Alternatively,  a  "fast  response",  .in-line -heater  can  be 
employed/  it  "is  evident  Ihartx  fuViliary  heat  supply  i{i  these  designs        ,  ' 

-    -       :  .  •  w  i\  w 

^cannot  adversely  ^affect  the  operation  of  the  solar  System.-,  -  . 

Another  way  in  which  auxiliary  heat  can -be  used  wi,tho^t  reducing  jsol  a r 
ejection  efficiency  is  by  electric  resistance  heaters  in  the  upper  portion 
of  the  solar  storage-  tank,  as  shown  in  Fiqurd  7-2.-  .Memp'eratur-e  stratified-  *       <  ,' 
"   tion  in  the  tank,  accomplished  By  bringingN^old\  water  from  the  main,  into  ■ 
the.bdttom  and  by 'Circulating  through  the  collector"  from  tKte  *bottof*  of  ttfe  .  . 
tank  to<the  upper  portion  of>tbe'  tank', -thereby  prevents  auxil  iary*  heat  *   .       ;  %  -  * 
,frQm  increasing  ^he*  temperature  of  the  wat^supplied' to  the  j^ollector.^ 
Water  Returning  from  the 'collector  may  Be  brought  into  the  tank* well  below  • 
the  level  of  the  resistance  heater  ($s  shown  by  the.'d^shed  line),  so*  that*   '  y 
;  •  the  hot"  supply  Is  alwa/s  available  at  the, thermostatted  tempera tuce.,r  la  v 
effect,  fhe  two  tank ^  shown  in,  Figures  7-3  and  7-4  are,  combined  into  one,   .  • 
^•with  temperature  stratification ' providing *a  sepa'ration.    The  total  aniount  / 
of  storage  is,  of'cour^e,  reduted  unless  the  /one  tank  is  increased  in  s*ize: 
:    '  If  Velatlvely.hlgh  temperature  water, is  defsired,  there  may  be  at)  undesir-    _       ./  ; 
able  influence  Qf7,auxil  iify'  suppTy  oh  collector  efficiency  because,  of  some^, 
^       mixing  "in  t'hfe>tank.  ,  ,  •       ^  ^        ^ "  -  • 


• . ,     •  s  '  ■  •  J. 

Although  the  description"  of  the  above  systems  refgrs.to  direct,-  / 

circulation  of  water  through  the"  coll eotof,  the  same  faetqrs  afcply  to  ^ 

the  ""systems  involving  heat  Exchange  with  affiti  freeze  solutions  ortai£  • 

.circulatingjthrough-the  coWsctor,    Jn  all  cases, -auxil iary  heat  shbujd 

be  supplied  downstream  from  the,  solar  stobage  tank,  regardless  of  whether 

the  water  itself  is  circulated  through  the  collector  or  whether  heat  is 

exchanged  between  the  domestic  water  and  a  solar  heat  transfer  fluid. 

*  * 

LOCATION  OF  COLLECTORS  '  "  *  *' 

C»      .  -  -  -* 

If  the 'slope  and  ori^titation  of  a  roof 'is  suitable,  the  most;  econom-' 
ical  location  for  a  solar  collector  in«a  residential  water -heating  -system 
is  on*the  south-facing -portion  of  the  roof.*  The'cost  6f  a,  structure^  to 
support  "the  collector  is  thereby  eliminated,  and  pipe  or  duct  connections 
;to  the- conventional  hot  water  system  are.  usually  convenient.    In  new 
dwellings,  most  installations  can  be'expectedr"bn  the  house  roof.*  #Even  ^  * 
in  retrofitting  existing  dwell ings*  with  solar" water* 'heaters,  a 'suitable"  , 
roof  location  c^n  usually  be  provided.  » 

#  If  the  nloufiting  of  cblJectofsLjifLLtlie  roof  is  impractical,  for  any*of' 
several  reasons,  a  s^a^e  structure  adjacent  $b  the  house  may  be  used.'  \ 
A  sloping  platform  supported -on  a  suitable'  foundatiba  carV  be  the  base  for 
'  the  collector.,    PumpS,,  siqrage  tank,  and  heat  exchanger,  if  used,  can  be 

.    '\-  •         . ■     •    '      '  v  ■    •     .  *  .  . 

located  inside  the  dwelliqg.t  Effective  insulation  oh  "dgcts  and  piping      .  - 
mus^  be  prrovidecl,  however6,  so  that  "cpld"  weathef  operation ,will  not  b6 
handicapped  by.  excessive -heat  losses.    In.coltf  climates,  collectors  in '  - 
which  wtfter  isdirectly  heated  must;  be  4  oca  ted'1  So  that  drainage  of  the"  , 
'Cdilector  and  exterior  pipirtg  can  be  dependably  and  £ffeg,tively>  accomplished 

135  ■  •• .  • 


TEMPERATURE  STRATIFICATION  IN  SOLAR  HOT  WATER  TANK 


■    -.         .  •  -,    .  j    .  „  •  * 

'As  ij^  a  conventional  hot  water  Keater,  the  temperature'  in  the  upper 

pa^rt  of  a  solar  hot 'water  tank  will  normally  be  considerably  higher  than 

at'  the. bottom.  'The, lower  density  of  hot  water  permits  this  stratification, 

 provided  that  turbulence  at  inlet  and  outlet  connections       not  excessive. 

.  The  suppjy  of  *  relatively  cold,  water  from  the' bottom  of  the,  tank  to  the 
*  »  ~. ,  * 

collector  permits  the*collector  to  Qperate  at  its  highest  possible  effi-  ^ 

ciency  under  ttib  prevailing-  ambient  conditions.    With  a  circulation  rate 

such  that ^  temperature  rise  through  the  collector  of  15°F  to  20°F  occurs, 

the  lower  part  of  the  storage  tankvis  furnished  to  the 'collector  for 

» 

maximum  effectiveness.    If  not  much  hofl  watfer  js  withdrawn  from  the  tank 

" 1  «       A  / 

*  during  ar^sunny  day,  thq  late  afternoon  temperature 'at  the  bottom  of  ah 

.  *    „  if  -        .  . 

80  gallon  tank  corrected  to  a  4.0- to  50-square  foot  collector  may  be  well 


above  -100°F  «  even  approaching  the  temperature  in  the  top  of1  the,  tank.* 
Collection  efficiency  thus  varies  throughout  the 'day,  depending  not  only 
on  sol  ar  avail^fbi  1  i ty  but  also  on  the  temperature- .of  water,  suppl  ied  to  £he 
collector  from  the  tank  bottom.  -  *   °  ,  i 

,  .         ,      '  '  v 

TEMPERATURE. CONTROL  LIMIT  . 


in  addition  to  tjie  differential  temperature  control  desjrable  in  most 

solar- water  heating  systems  (which  Sense  temperature  difference  between  9 

\'s  /    *  •  /  »  m* 

collector  and  storage);  protection^against  exoessive  water  temperatyre 

6       njay  be  necessary.  Several  po'ssible*methods  cap  ue  used.    In -nearly  all 

types  of  s^stei^s,  whether  direct  heating  of  the  potable  water  or  indirec^' 

;%  •        heating  tjirou'q'h  a  heat  exchanger,  a/thermostatijCcttly  controlled  mixirig 

valve  caff  be  us.ed  to  provide  constant  temperature  .water  for.«household  use.  ^ 

. ;    ■  ■,    •  .     \"         r..:   .  i  -  .^V 
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Figure  7-7  "il  ltfstr.ates  one  method  by.  which  this  type  of  temperature 
•control  can  be  accomp>ished.    Ccfld  water  is  admitted  to  the  hot  w^er 
line  immediately  downstream^  from  the  auxiliary  heater  in  sufficient 
proportion  to  secure  the  desired  preset  temperature.    The  solar  hot 
water  tank  ,is  allowed  to  reach  any  •temperature^attainabl e,-.  afrid  the    •  ' 
auxiliary  heater  furnishes- additional  energy  only  when  the  auxiliary. 

tank  temperature  drops  below  the  thermostat  set  point.    Maximum  solar.  

heat  delivery  is  thus  achieved',  aryi^no  solar' heat  needs  to  be  discarded 
.  except  .that  which  might  sometimes,  be  delivered  when  the  main  storage 
t  (preheat)  tank  is  at  the  boiling  point.    Any  additional  solar  heat  col-- 
lected  under  £hat  condition  would  be'  dumped  through  a  pressure  relief  , 
valve,  steam  escaping  to  the  surroundings.    Figure  7-5  shows  an  optional 
second  mixing  valve  for  control  o.f  delivery  temperature  by  admitting 
regcila-ted  amounts  of  solar  heated  water  into  t tip  flow  ffom  the  auxiliary 
*-  heater.  ^  '  ^ 


Cold  supply 


BIojw  off  'valve 


■  =  »  ;Hot-wa 
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service 


Figure 


Direct 
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)      ^  '  7-1 8  •  • 

~        ,    A*  steam  \/6nt  from  the  solar  hot  water  system  involving  a -dual  liquid 
r       design,  with  heat  exchange,  should  normal  l$J)e  in  the~hot  water  loop  r 
rather  than  the  collector  loop.    Loss  of  (Selector  fluid  by ''vaporization 


/ 

is  thereby  avoided.    It  is  necessary,  however,  in  this  design*  that  the 

*      •  '    '     ,      !     '  *     '     ■  " 

collector  tybes  and  associated  piping  be.capable  of  withstanding  pressure 

)  -  '  ' 

at  Jeast  as  .higfi  as  developed  when  the  steam  vent, valve  in  the  storage 

*loop  is  actuated.  -  If,  for  example,  the  blow-off  valve  in  the- storage 

circuit  is  set  for  50  psi,  and  if  the  collector  loop  containing  50  per-  * 

cent  ethylene  glycol  normally  operates  at  a  temperature" 20°F  above  the 

storage  tank  temperature,  pressure  in  the  collector  loop  would  also- be,, 

about  50  psi  when  the 'storage  tank  vent  is  actuated.   ^(Approximate  ■ 

equality  0f"^pfc£ssure  fs  due  £0  similarity  between  .boil ing  poi nt,el  evation 

and  temperature  difference  in  the  heat  exchanger.)  i 

An  aU&rnative  to  the  high  pressure  collector  capability  described 

above  is  available  in  the  form  of  air  organic  heat  transfer  flutd  having 

a  high  boiling  point.    Doytfnthehif  3  or  Therm>nol°55  have  boiling  points 

abbve  300°F,  so-  if  one  Jf  these  fluids  -is -used,  the  development  of     *  * 


, pressure  in  the  col.le/tor  loop  would  not  pccur,  ev^n  when  tiie  .storage  1 

7  i         *  •    .  . 

system  is  venting  sjzfeam  at  50  psi.    Thrj^feption  appears  considerably  more 

• *  *       ,  .w  ,      *      \*  7  *  • 

practical  than  the  presswri zed 'collec^ir Required  with  aqueous  sys.tems 

if  .-the  dual-liquid  design  is  utilized /-^^-^      ~  •  -  *- 

Still  another  option  for  high-t|piperatur^ protection  is  availabl e  if 

V   the  collector  is*  used  a$.  a  heater*  for  a  high-boM  ings  organic.  1  iquid  or 
'  *».  *  '  • 

i  for  air.  Mo  prevent  the  storage  tanl^  from  reaching  a  temperature  higher 

\,  -  >-  '  '\  ^   >:  ;\  •         *  ■  i 

>  .  tlTan- desired,  a  limiting  thermostat Jrj  that  tank  can  be  used  simply  to  - 
discpntinue  circulation  of  the  h<2at  transfer  fluid  (organic  liquid  or  ai'r) 
th/ough  the' collector  and  heat  exchanger.    No  additional,  heat  *is  therefore 
issjfated  in  the  form  .of  collector  heat  loss.    The' collector  temperature' 

*  *    *  ,  .    •      *  • 

185    .  -         .  ' 


rises  substantially,  frequently  above  3006FV  but  "if  properly  designed. 


r  *  . 

,  the  collector  suffers  no  damage.    TMs  system  is  probably  the -safest  and 

most  dependable  of  those  herein  described*    With  a  reliable  Jtfmit  switch, 

in  the  storage  tank,  there  can  be  no,rfanserous  pressure  developments 

anywhere  in  the' system.    In  addition,  there  is  no  loss  of  water  (in  the 

form  of  steamj  Bven  vghen  there  ,i$  no  use  of  hot-water  for  lohg  periods* 

If  the  hot  water/coVd  water  mixing  valve  downstream  from  the 

auxiliary  heater  is*not_used,  a  terrfperature  limit  control  in  the  solar  * 

-storage  tank  caTi  be' set  at  the  maximdm  desired  temperature  of  service  hot 

water.    Water,  therefore, cannot  be 'delivered  at  any  temperature  higher 

than  the  set  point'in  the'solar  storage  tank      the  set  point  in  the 

auxiliary  heater,  whichever,  is  hfgher.    Less6  solar  storage  capability 
*  -  *      *r  „  <  ...... 

would*  be  involved  in  this  design,  however,  because  the* solar  storage 

tank  Vs  prevented  from1  achieving  higher  temperature^,  even  when*solar 

energy  is  available. •  " 

Sfin  a  direct  type  of 'solar  water  heater  operating^  service  pressure 
•  **  ** 

with  potabVe  water  circi/lating  through  the  collector,  a  venting  valve  is 
-».*#•       ■         »  •  %. 

provided  near  the  top  of  the  collector.    It  wbuld  hatfe  to  be  set  for 

release  at  a  pressure  several  pounds  higher  than  the  maximum  in  the  ser- 
vice supply,  sp  the  collector  storage  system  must  withstand. pressure 
usually  above  50  psi .    Occasional  wa.tfir  loss  through  venting  of  steam 
would  be  expected  /  -0  , 

If  a  non-pressurized  direct  type  of  solar  water  heater  is  used,  with 
a  flopt  valve  in  th$  storage  tank,  the  pressure  relief  valve  can  be  set 
v  to- operate  at  a  pressure  only  slightly  above  atmospheric.  Alternatively, 
the  collector  or  storage  tank  may  be  continuously  ventedr.  Oversupply  or 
under-uses  of  solar  heated  waiter  results  in*bo1ling  and  ventfng  of  the 
storage  tank.  1  1  . 
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'  *  '  PERFORMANCE  OF  TYPICAL  SYSTEMS  • 


GENERAL  REQUIREMENTS      .  ,  '  .  V  •  ;\  /    '*  : 

A  typical,  family  Qf  four  persons  requires,  in  the  United  States, 
about  j30  gallons  Of  hot  water  per.,  day.    At  a  customary  Supply*  temperature 
of  about  H0°F,  the  I  amount  of  heat  required  if  "the 'cold  lijilet  is  al^0°F 

is  about  50,000  BUTper  day.  „    *  -       -  $f 

■  :  -  '  \ 
"There  is  a  wide  variation,  in  the  solar  availability  from  region  te* 

\*     *  * 
region  and  from  season  to  season  in'a  pair^icular  location,.'  There  are 

also  the  short-term  radiation  fluctuations  du*  to  cloudiness  ^and  the 

day-night  cycle.  ,  ■  . 

Seasonal  variations  in  solar  availability  resuliMn  a  2Q0  to  400  per-* 

cent  difference  in^the  solar  heat  supply  to'.ajiot- water  system'.    In  the 

winter,  for  example,  an  average  recovery^ of  45  percent  of, 1200  Btu  of 

solar  energy  per  square  foot  of  sloping  surface  would  require  approximately 

100  square  feet  of  collector  fo4*  the  50,0,00  Btu  average"  daily.  requi#em£n^./ 

Such  a  design  would  provide  essentially  811  of  the  hot  water  needs  on  an 

average  winter. day,  but  would*- fall*  short  on  days  of  less  than  Average 

sunshine.    By  contrast, „a  50-percent  recovery  of 'an  , average  summer  radiant 

■  '    y  i/ 

supply  of  ?O00  Btu  per  squjare^Popt  wpuld  involve  the  need  for  only  SO 
square  feet  Df  collector  for  satisfying^the  average  hot  water  requirements^ 

It  i*s  evident  that  if  a  50-s'fjua  re-foot  collector  were  installed,  it 
•could_supply  the  major  part,  perhaps'  ne'arly^all,  of  the  summer  hot  water 
requirements,  but  it  could  supply  less  than  half  the  winter  needs-.  If, 
on  the.oth'eniiand,  a  100-squa're-foot  -col lector  were  empjoyed  in  order- 
that  winter  neads  could  be  more  nearly  met,  the  system  would  beavers  i  zed 
for  summer  operation  and 'excess  solar  heat  would- have  to  be  wasted.-  ,,In  . 
such  circumstances,  if  anyaqueous  co.ll-gction  medium  were  used,  boll  ing  of 

i  '  \    •      :     ■    .  . 


the  system  would- ocfiur  and  collector  or  storage  venting  of  steam  would,  ,* 
have  to  be  provided.  *  ,  \     •  ^ 

The  more  important  disadvantage  of  £he  oversized  collector  (for  * 

:        "  -        "  ■      *         '  >  '    -    i  | 

surameP6peination]r'i£  the  economfc  penalty  associated  with  investment 
ifi  a  collector  WhicfTis^not  fully  utilized.  .Although  the  cost  of  .the 
100-sqtrare-foot  cpHector  wo*ul<!R)e  approximately  doubl.e  that" of  the* '50- 

. .  .-•        .       •      .    «  s  * 

square-foot  unit,  its  annuaj  useful  heat  deTivery  would  be  coins ider ably 
Tess  than- double.    It  would*  of  . course,  deliver  about' twice  as  roach"- 

heatfYn^tbejwinter  season?  when  nearly  all  of  it  could  be  used,  but  * 

.  \-  <     «  ' 

in  tne^  other  seasons,  particularly      summer,  heat  overflow  would  Occur: 

•  .      \  •   *   .  •  ' 

The  net  effect  of  these  factors  1$,  a  lower  economic  return",  per  unit  of 

t  1  *  "  *  - 

investment,  by  the  "larger  system.    Stated  another  way^  more*'Btu  pep 

dollar  of  investment  (hence  cheaper  solar  heat)  can/be  delivered  by  the 

smaller  system.-  ^  ,       ?  .  ' 

As  z  conclusion  to  the  #bove  example,  practical  design  Q,f  solar 

water*  heaters  should  be  based  on  desired 'hot  v/ater  output  in  the  sunniest 


month's  rather  than  at  som&  other  time  of  year.    If  based  on  average  daily 

ra^dia^ion^in  the  surliest  months,  the  unit^ill  be*  slightly  oversized  m 

and  a  small  amount  of  teajt  will  .be  wasted  on  day's;  of  maximum  solar  irtput. 

And  quirte  n'aturally,  on  partly  cloudy  days  during  the  season,  some 

auxiliary  heat  must  b^provided.'  In  the  mdnth  of  lowest  average  s^lar 

•  *  ♦ 

energy  delivery,  typical  lyone-half  to  one-third  as  *mQcfi  solar/  heatedt  '* 

water  can  be  supplied,. or  actually  the  same  quantity  of  water  but  with  a 

temperature  >n$rea<ie  above  inlet  only  one-half  to  one-third  as  Ingh^  . 

Thus^fuel  requirements  for  increasing  thet  temperature  of  sol^r  heated 

water  to 'the  desired  (thermostat  ted)  Level' cojuld  1nvol  ve^ne-half  to* 

two-thirdsof  the  total  energy  needed  fqrhot  water  ti^a^pig  t1iT.a-fnid-' 

winter  month.  •  ^  *  -  1 


QUANTITATIVE  PERFORMANCE 
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Although  hundreds  of  thousands  of  solar  v«ter  ^heaters  have  been  use/J 
r^in  the  United  States  and  Abroad,  quantitative  performance  tiata  are  extremely 
limited.    In  households  where  no  auxiliary  heat  was  used,  the  solaV  system, 

probab.ly  supplied  hot  water  most  of  the  time,  but  failed  during  bad  weather. 

>  #-     •  1-4 

If  booster  heat  was  used,  hot  water  was  always  available^,  but  the  .relative 

contributions  of  solar  and  auxiliary  were  seldom  measured. 
•  r 

Ih  a  few  research  laboratories,  particularly  in  Australia,  some  ana- 
lytical  stcfdies  of*soTar  water  heater  performance,  confirmed  in  part  by 
experimental  measurements,  have  been  performed.    More  recently,  analytical 
'studies  at  the  University  of  Wisconsin  have  been  carried  out.    Ta'ble  7-1; 
based  on  an  Australian  study,  shows  the  performance  of  a  double7glazed, 

r  ,45-square-foot  solar  water  heater  in  several*  regions  of  the  country. 
Variable  solar  energy  and  ambieift  temperature  throughout  the  year",  result* 
in  T.4  to  2.5  times*  as  much  solar  heat  supply  to  waWr  in  summer  than  in> 

.  winter*.    CI  imatfc  *di fferences  produced  a  solar  heat  percfentag^gangipg  a 
"from  60  percent  to  81  percent  of  ^ her  annual  total  hot  water  requirements. 
Table  7-2*"  shows  monthly  performance  of  the  same  system,  in  Melbourne, 

-*  Australia,  with  average  collection  efficiency  varying  between  '29  anjl  40 
percent  oTincidept  radiation.    Variation  in  inlet,  outTet/and  .ambient 
temperature  in  a  typical  thermos tyhon\type  of  solar  water  beater  is  shown 
ip  Figure  7-8.  * 

In  a  simulation' study  at  the  University  of  Wisfconsin,  hot  water 
usa*ge  was  programmed  for.  a  hypothetical  residential, user;    The  results- 
show  only  slight  variation  in  solar  heat  utilization  at  several  use 
schedules  and  ^indicate  only  minor  influence  ff^orage  temperature 
-'stratification  on  collector  efficiency.  -  „ 


Table  7-1 

Daily  Means  for  Twelve  Co'nsecutive  Months  qf  Operation  of  Solar  Water" Heaters  at  vVarious  Localities 


.  e  %  Z  r 

Location 

, Adelaide 

Brisbane* 

^Canberra 

Denil  iqui-n 

Geelong 

Melbourne 

'Sydney 

U/\+   yator  Hi  crharno        (  rial  InnQ    1 1^  } 

54  ?  " 

"54*.  6 

51 .4 

50.9 

50.4 

54.6 

53.9 

fcjejEuricdi  cTicryy  cunsuHau  ^iswii; 

o .  0 

•   i  4  • 
12.7 

•  2.5 

3.8 

•4.6 

4.4  '■ 

lo  i a  Water  tcinp^r d tur  e  \  w 

17  7* 
i  /  •  / 

;  21  6 

16.8 

15.9 

1 16. T  " 

16.6 

nui  water  temperature  \  w 

^ RQ  Q 

J  O .  .7  a 

56  4 

58.4 

60.3  - 

58.7 

57.4 

57.7 

cneryy  'rctjuircu  lu  iicdu  wa ici 

8  4 

10.3  ' 

9.7 

.  9.5 

9.9 

'9.8 

Heat  loss  from  storage  tank^(kWh)  < 

2.2V< 

.1.9 

2.5  ^ 

2.5 

2.2  ' 

.     1.9  - 

1.9 

Total  energy  consumed  (kWhj  y 

12.0 

10.3 

12. 8** 

12.2 

11.7 

11.8 

11.7 

Solar  energy  contributed  (kWh) 

-8.5  ' 

7.8 

9.4 

•  9.7  . 

7.9 

7.2' 

7.3 

Solar  energy  contributed  {i)  7 

7T.0.  ' 

76.0 

'     81. 0" 

67.0  » 

61.0 

.62.0 

'Solar  contribution  best  month  {%) 

*  99-.  0 

94.0  '  ' 

98.0 

100.0 

92.0 

95.0 

70.0 

Solar  contribution  worst  month  {%) 

47.0 

"^7.0 

'43.0 

57.0 

45.0 

•  yl.o  , 

"51.0 ' 

Ratio  best  to  worst  % 

2J  . 

'  1.6 

.2.3  ' 

1.8  . 

2.0 

Z.  5  , 

•     1 .4_ 

*  Hail  screens  suspended  above  the  absorbers.    No  correction  made  for  reduction  of  absorbing. area. 


**  Water  discharged.  a>  6:00  a.m.  "daily 

Double-glazed,  flat-black,  ,45  square  foot  solar  collector  tilted  toward  equatorat 
latitude  angle  plus  2.5  degrees.    Storage. 84  gallons  (US).  Thermosiphon  circulation. 
Electric  auxiliary  heat.  \  "  * 
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Table  7-2  .  , 

Sol^f^Water  Heater  Performance  in  Melbourne,  Australia. 


\ 


Month 


January 
February 
March 
April. 
May 
June 
July 
August 
September 
^October: — 


November 
December 
Year 


Insolatiofrv 
on  Absorber^ 


1  1630 
2220 
1690 
1240 
1290 
1220 
1290 
1530' 
1600 
1B6Q„ 


1880 
1790 
1610 


Mean  Daily  ] 
Supplementary 
Energy 


0.5 

5.2 
6.2 
7.7 
8.1 

'6.1 
4.9 

1  3'.  9 


3.7 
i 

3. 5* 
•  4.6 


Mean  Daily 
Solar  Energy 
Contribution 


74 
52 
47 
39 
38 
50 
59 
67 


68 
72 
*61 


5.6' 
5.5 
4.9 
5.0 
6.1 
'7.1 
7.9 


7.9 
9.0 


System 
Efficiency 


4CT 
32  v 
33* 
34 
32 

30  r 

29  '* 
30 
■33 
-  32 


32 
•  1 

•38 

.%35c 
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MELBOURNE"  21-4-55 
BRIGHT  SUNSHINE 

-i  1  1  r 

ABSORBER  OUTLET 


ABSORBER  45  sq  ft  > 
TANK  .70  IMP  qoC 


140 

1  oc\ 

0 

,LU 

1*00 

ad 

ZD 
H— 

•S 

UJ 

'  80 

_CL 

UJ 
1 — 

'  60 

40 

10  II  12-13  14 
TIME  OF  DAY  —  hours 


*  v 

Figure  7-8.    Absorber  and  Tank  Temperatures,  for  Thermosiphbn  Flow 
During  a  Typical  Day 


In  summary,  the  normal  output  of  Well -designed  /sol a r  water  heating 

f   

systems  can  t>e  roughly  estimated  by  assuming  approximately  40  percent  solar, 
collection  efficiency..  Average  monthly  solar  radiation  fauljtipl ied  by  col- 
lector  ar;ea  and  40  percent  delivery  efficiency  can  provide  a  rough  measure 
of  daily  or  mortthly  Btu  delivery.    The  total  Btu  requirements  for  the  hot 
water  supply,  based  on  the  volume  used  and^  the  temperature  Increase  set, 
then  serve.,  the  basis  for  computation  of  percentage  contribution  from  solar 
and  the  portion  required  to  be  supplied  by  fu^T  or  electricity. 
'Sizing  the  Collectors         *  -       '  '  - 

The  curyes  shown  .in' Figure  7-9  may  .be -used  to  estimate  the  solar'  col-, 
lector  size  required  for  hot  water  service  in  residential  buildings  having 
.typicaljiot  water  systems.    The  system  is  assumed  to- be  'pumped  'liquid  type, 


"« 
\4 


L 


.ERIC 


witH  1iquid~to-l ifluid  he$t, exchange*,   del ivering'hot  water^to  scheduled 

residential  uses  from  6:00  a.m.  until  midnight.   'The  shaded  band  represents 
<  *  #  *        *  * 

results  of  computer,  calculations  for  eleven*  different  locations  in  the  ■ 

United  States.    The  "cities  included  in  the4  study  ar£-  Boulder ,*  Colorado;     1  p 

c  Albuquerque,  New  Mexico;  Madison,  Wisconsin;  Boston,  Massachusetts;  0akc 

'  Ridge,  Tennessee; 4 Al bany,  New  York";  Manhattan,  Kansas;  Gainesville.,  Florida; 

"Santa  Marfa,  'Cal  ifprnia;  ,St.  Clou4,  Minnesota;  and  Washington,  DX.  -The 

separate  curve  above  the  sh.aded  banckis  the  result  for  Seattle, 'Washington,' 

and  fs  distinctly  different  from  other  aVeas  of  the  country'.    The  hot  water 

load's  used  in 'the  computations  range  from  50, gallons  per  day  (gpcf)  to.  2000. 

*gpd.    The  sizing  curves  are  approximate  and  should  not  be  expected  to  yield 

*  f 
results  closer  than  10  percent  of  actual  value. 


Fi^ijre  7-9.    Fraction  of  AnnuaTload  Supplied  by  Solar  as,  a  Function 
of  January  Conditions  for  Hot  Water  Heaters* 


7-27 


.  f 


1 


The  vertical  axis  showk  tlie  ifractipn  of  the  annual  water  heating 

f  \       \  1     \  ' 

load  supplied  by  solar.  •  The  horizontal  aycis  shows-values -of  the'ffara- 

meters,  SA/l ,  which  involves  the  average  daily  January  radiation  on  a 

horizontal  syrfape,  S,;;the  required  collector  area,  A,  to  supply  a: 

certain  percentage  of  the  daily  hot  water  load,  L.    The  January  average 

daily  total  radiation  at  l.ocatidns  in  the-'United  States  tan  be  g^timated 

from  the  radiation  (nap  in  Figure  HMO.    Values  on  the  map  are  given  in 

Btu/(ft2)(day) .    The  curves  are  not  applicable  for  values  of  f  greater  % 

\   -  '  \  -  '      »    *      .   *  ;  ' 

\tt|an  0.9.  v  '  x 

\  *• 

It  should  be  remembered  that  the  service  hot  water  load  will  be  . 


nearly 'constant  throyghout  the  year  w^ijle  the  solar  energy. collected  will 


vary  from  season  to  season.    A  system 

tilted  at  the  latitude  angle,  Nwill\  del 

\ 


sized  for  January,  with  collector^ 
iver  high  temperature  y^ater  and  may 


even  cause  boiling  in  the  sunder.    t)n  the  other  hand,  a  system  sized  to 

.  '   *  :       -        ^         i      -  - 
meet  the  load  in  July  will  hot  '.provide  all  of  the  load  in  the  winter 

-4aa  partially  avep-Gon 

s  *  , 

i 

month  fluctuations  in.  radiation  and  temperature. 

•    ■  v  ••   •  • 

Sizing  Examples  "..*"]&' 
^  Example  7-1 .    Determine  the  approximate  size  of  col  Tec  tor/ needed  to 


 rpr0v4de -hot  water  for  a  family  of 


bur  in  a  residential  building  in 


Kansas  City,  Missouri."         H  -  . 

Solution:    The  average  dpily  service  hot  water  load  in' 

January  is:       —  ,  ^  *;  * 

,   •  •    L  =  80  gal  Ions/ d^y  X*8. 34 'pounds/gallon,  x  .1  Btu/(1b)(°F) 

I    i  — — "7  (140°F  -  50°F)  ^~to|48  Btu/day  "  '  •  '  /  '  , 

The 'desired  service  water  temperature  is  v}40°F  and  the  temperature  of  the 

\  ,  \  .  •  -  :  h  •  -  -  • ' 

polti  water  from  the  .main  is  50°F.    Tjhettotal  average  sol  an/  radiation,,  $> 
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available  in  January ^  from  Figure  7-10,  is  680  Btu  pjer  square  foot  per 

day.'  For  a  water  system  to  provitie  €0,  percent  of  the  annual  load,  from 

•  •         •  • 

Figure  7-9,  SA/L   is  about  O.fijf.  'Therefore:    ■  .       .  •  . 

•  .'  \     a  =  0.8  x,  L£  =  (0.8  x  60048)/680  =  70.6  sqifare  feet.'. 

If  3-by-8-foot  collector  module's*  are  available,.  2.9  units  woiild  be    •  , 

required.    Three  coTlectqr  units  should  therefore  be  used. 

*      *  **  • 

Example  7-2.  Determine  the  size  of  collector  needed  to  provide  hot 
water  for  a  family  of  four  in  Albuquerque,  New  Mexico.    '  •  -  j 

*  Solution:    The  monthly  load  will*  be  approximately  the  same 

as  in,  Example  7-1 : 

»  ■*  * 

L  =  60,048  Btu /day  .• 
From  Figure. 7-10,    S  =  1115  Btu/(f t2)(day) .    For  a  system  to 
provide  £0  percent  of.  the  an/iual  load,  Figure  7^9  shows  that 
SA/L    is  approximately  0.8.   'The  collector  area  required' is': 

tf=  (0.8  x  60p48)/1115  =  43.1  v  } 


Using  3"  by  6  foot  collector  modul es, *2.4  units  would  be  required  for  this 
■  *  *. ' 

system;  either  two  or  three  modules  shpuld  be  used.  If  two- modules  are 
used,  the  system  would  §e  expected  to  provide  less  than  60  percent  of  the 
annual  load.  ^  . 

.    '  COSTS  •  .  1 

»  i  ' 

'    The  cost  of  installing  a  solar. water  heater  (exclusive  of  the  hard- 
ware)' may  range  from  about  $300  f  oV- a  systeflPwith  a*  roof -mounted*  coll  ecto 
to  over  $1000  for  a  collector  mounted^  on  a  stand' adjacent  to  .a  house.  In 
a  recent  procurement  of  several  types  of  solar  water. beaters  for  ground 
mounting  next  to'existing  houses,  an  electric' util ity  company  spent  $1500 
to  $2000  for  each  system,  including  hardware,  and  totally  installed. 

.-201     -  *       . . . 


Non-freezing  collectors  of  about  50  square  feet,  80  gallon'  water  tanks1/ 
pumps,  fans,  and  controls  were-  included,      '  *  ( 

A  solar  collector  manufacturer  has  announced  tye  availability  of  a 
'solar  water  heater  "package"  having. a.  retail  price  of  $999.    The  package 
consists  of  a  40  square  foot  drainable  collector,  an  80  gVw on  "storage 
tank,  pumps,  and  contrpls.    Installation  and  hook-up  to:the  conventional 
system    are  not  included/  *  \ 

.  As  designs  are  standardized  and  manufacturing  volume  increases,  it 

may  be  anticipated  that  the  total-  installed  Vost  of  an  average-sized  '  '» 

*  *        ^  *  * 

residential  solar  water- heating  system  will  be'less  than  $1000.  'Assuming 

a  collector  area  #  of  about  50.  square  .feet  and  a"  reasonably  sunny' c  Li  mate;* 

this  unit  should  be  .able  to  deliver  at  least  250,0^Btu  per7square  foot 

of  collector  per  year^  for  a  total  of  1  2 .5^ mi  1 1  ion  Btu  annually.    With  an 

average  daily  requirement  for  50,000  Btu  of,  heat  for  hot  water,  the  18 

million  Btu  annually  required-could  be  two-thirds  solar.    If  electric  heaj; 

\v  *  .  • 

at^fjve  cents  per  kilow"aft-hour;{about  $14-  per>mi  1 1  ion  Btjy')  is  being  . 

replaced,  an  annual  electric  ^vihg  of  about  $175  is  achieved.    A  $1000 


^solar  w&ter  Abater  could  thus  pay  for  itself  from- electric  savings  in 
about  six  years.    Or,  if  conventional ly  financed  at  8-percent  interes't, 
an  annual  cost  of  interest  p-Tus  principal  of,*say,  12  percent,  or  $120  per 
,year,  would  be  less  than  the  electric  savings  by  something  over  $50  per  - 
year.    This  favorable  economic  comparison  for  solar  water  heaters  is 
applicable  now  in  many  parts  of  £he  country  andshould  prevail  v,ery  . 
generally  in  the  next  few  years.  ' 
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■  '  •  1    .  --   INTROPUCTION  -  J 


Solar  heat. from  the : col  lectori /^nd  the  heating  demand  for  a  buiJd- 
*  ing  are- not  ^al\yjn  balance.  ^Consequently,  mechanical  equipment  is' 
required  for  proper  comfort  contnfy    The  central  component  of.  the  solar 
system  is  the.  heal£  storage  ufoit.*  THe  heat  storage  -uni  t  -  receives  heat 
i^from  the  col  lectori  whea  the  solar  "heat  exceeds  the  heating  loajd  and 
delivers  heat^to  1^^rooms"When  the  heating  load  exceeds  the  solar  heat 


available  from  tiff" col ledtors. ,  When  solar  heat  has .beeV*dePleted  from' 
x  storage,  the  auxil  iary,  b&il  d*r  or%f urnace  -suppl fes  zho^Jt  to,  meet  the 
heating  load.    The 'system \sbould  be  oasy  to  operate,  require  little 
maintenance,  and  proyide  the  comfort  level  demanded  by  ttie^ocpu pants 
in  the  building. 

,  ♦  • 

OBJECTIVE 

*     *  l 

"      ■      i  ,  :      *  " 

The  objective  of  the  trainee  is" to- be  able  to  choose,  install,'. 
♦  operate,  and  maint*rft,a  solar  space  heating  system.  *  At  the  end  of  \ 
\  this  module  the  trainee  should  be  afcle  to:  ' 

1.  .  Differentiate  between  .-air  and  liquid  systems, 

2.  ^Select  antl  specify  the  components* of  a  solar  heating 

sys'tem  K  *  '  •  ■  "  ^ 

If      V  .        *  •  * 

3.  •  Discj/ss  the  use  of  an  auxiliary  energy  source, 

4. 4       Describe'the  different  mocles  of  operation  of  a  'solar 
space  heating  system,     -  -    •  •  , 


SOLAR  SPACE  'HEATING  SYSTEMS 


The  basic  arrangement  to  accomplish  solar  space  heating  is  shown 
in  Figure  8rl(a)  for,  a  liquid  system, -and  8-1  (b)  for  an  air  system.  By 
positioning  the  three-way  dampers  (or  valves)  and  controlling  the  blowers 
(or  pumps)  on  or  off,  three  "modes"  of  operation  are  possible: 

1.     Heating  the  building  directly'  from  the  collectors 
t<     Heating  the  storage  unit  from  the  collectors 
3.     Heating  the  building  from  the  storage  unit? 


COLLECTOR 
PUMP 


3  WAY  VALVE 


TO  ROOMS 


FROM  ROOMS 


(a) "  Liquid  System 

3  WAy  DAMPER       ,  : 


^TO- ROOMS  * 


COLLECTOR 
BLOWER 

1'  I  ■ 

STORAGE 
UNIT 

OISTRl.BUTipN 
BLOWER 

s  ■  ■  — r-#— 

(b)  A1r- 'System  t 
Figure  8-1.    Basic  Arrangements  for  Solar  Space  Heating  Systems 


20^ 


8-3 


C   "In  a -water  system  the  collection' and  distribution  circuits.^nay  each 
be  connected  to  the  water  storage  tank  and  the  three-wayv  val  ves  may  be  elim- 
inated (Figure  8-2),.    The  tfiree, modes  are  obtained1  by^on  and  off  control  ' 


of  the  two  pumps. 


X 


DISTRIBUTION 
PUMP 

STORAGE 

\ 

unit' 

V 


COLLECTOR 
PUMP 


\Figure  8-2/  Water  System  Arrangement  for  Solar ~,Space  Heating 

STnc£  there  are  periods  when  neither  ther  collectors  nor  the  storage 
unit  can  meet  the  demand  for  heat,  an  auxiliary  heater  (fuel  or  electric) 
•having  -the.  capacity  to  carry  the" maximum  heating  load  is  required.  Solar 
and  auxiliary  h*eat  may  be  supplied  to  the  building  by  the  same  heat  dis- 
tribution system.  :Thejair  heatfn-g  solar  System*  m^£  use  a  *qonv.entictfiacl  ' 
warm-air  furirptte  directly  in  the  hot  air  supply  duct,  4s  shown  in  Figure  8-3. 
Fuel  1s.  supplied  to  thje  auxiliary  unit  only  when -sol ar  heat  is  insufficient 
•.^•maintain  the  desired  room  temperature.  , 

..-!•  .• 

3  WAY  DAMPER 

TO  ROOMS 


COLLECTOR 
PUMP 


CP  %  ► 


AUXILIARY  FURNACE  - 


J 


FROM  ROOMS 

0 


9 
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Figure  8*3.  Air  System' for,  Solar  Space^ Heating  with  Auxiliary  Furnace* 


<k      .  •     In  the  liquid  system  a  hpt  water  bbiler  '('fuel:  or  -electric)  is  used, 
preferably  locating  the  boiler  in  a  by-p^ss  circuit  as  shown  in  Figure 
8-4.    The  boiler  by-pa'ss  is  used  to  prevent  heating  the  storage  with, 
v     '  a-uxiliary  energy.    Heat  from,  the  a-uxil  iary  boi ler  should  riot  be  Supplied 
"**^to  the  storage  tank*because  it  is  wasfeful  use  of  energy.  - 


"COLLECTOR   '  •• 
PUMP  • 


3-WAY  VALVE 


DISTRIBUTION  PIMP 


TO  ROOMS 


STORAGE 
UNIT. 


T 


K~ AUxf L^IARY  BYPASS  ,  ? 


-AUXILIARY  HOT 

water;,  flpj  ler:  ;; 


FROM* ROOMS  ' 
"       1"  , 


Yi-gure  8-4.    Li'qui-tf  System  fop«Solar  Space" Heating >with  Auxiliary 

J.     '.    Boiler    ,  •         /    ..    \,.   ^  .  :         •  ^ 


SOLAR  AIR  HEATING  SYSTEM^ 
Dogble  Blower  Pesign 


V      The  schematic  desi.gn  of -a,  twb-^lo^er^ajr-type  solahr  system  shown 

6  *  ' 

in  Figure  8-3' comprises  four  principal  components?  s-olar  collector,  • . 

1  '  '     '  "  •  .  '  *  •  { 

heat  'storage  tjnit^  afr  handler, and  auxiliary  header.  ;  By  combining  t 

"  ~   .  ;    •    V'  ■ 
the  bloWer  and  dampers  in  an  uai-r  hand.ler",  Tnsjtal la tion.*and# operation 


of  the^  system  cafo  be  simplified 


e  operation  of  such  a  system* in 


its  several  mode's  iS  1  isted'  in-  Table  8-1/ and  shown*  in  Figures, 8r5, 

*•  ,         •  » 

8-6,  and  8-7.    In  the  table  and  figures,  MD  denotes 'motorized  damper 


#and  &D  a  back  'draft  damper . 
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Table  8*1 .  \  Two-Blower,  Air-Type  Selar  System  Operation 


1 

* 

— — •  ...  ■> 

•  '  Mode 

MOT 

MD'2 

t 

Room. Heating 
from  Collector 
(Figure  8-5) 

\ 

r 

Open  . 

Open 

Heating  Storage 
(Figur6  8-6) 

Room  Heating 
from  Storage 
(Eigure  8-7) 

Open 

Closed 

X 

9 

Closed^ 

Open 

Heating  from 
Auxiliary 
(Figure  8-7) 

Closed' 

Open 

Open 
Closed 


BD2 


Open 


•Closed 

*  ^ 

'Open 


Closed  Open 
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'    Figure  8*5.    Heating  Building  Directly  from tCol lectors 
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^Figure  8-6.    Storing  Heat  from  .Co Hectors  * 
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Figure  8-7.    Heating  Bu1.Tldtr»g  from  Storage  Unit 
■  (Also  Heating  from  Auxiliary)' 


21 


•%  t   So  that  the  domestic  hot  water  supply  can  be' solar  heated  in  the 

summer  when  no  space  heating  is  needed,  4:he  heat  storage  unit  and  heated 

"  -  '*  *  •  U         '  .  ■ 

space  can  be  by-passed  as  shown  fn  Figure  8-8.    A  manual  clamper  is 

opened  in  the  by-pass  duct  so  tha<t  air  is  circulated  in  a. closed  loop  1  . 

between  collectpr,  water  heating  coil,  and  the  collector  blower.  Damper 

4  '    *  ■  1 

MD1  in  the  closed  position  prevents  flow  of  hot  #ir  to  storage  or  the 

*  /  -  \ 

rooms.  .  '  ' 
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Figure  8-8.    Service-  Hot  Water  Heating  (Summer  Operation) 


■      Most  commercially  available  warm-air  furnaces  for  residential  use-" 
contain,  a  blower  for  circulation  of  warm  air  th||^h  the.  building  via 
the  distribution  ducts .\  In  £  typical  all-air  solar  installation,  jthe 
•  furnace  blower  is  used  in\the  nprmal  manner  for  distributing  warm  air, 
supplied  eitherSronr  the  collectors  or  front  storage.    The  solar  system 
\~  blower  operates  only  when  air  is  circulated  through  the^  collector. 


/ 
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Singl e  Blower  Design  , 

Another  damper  arrangement  dpes-not  require  the  furnace  blower,  so 
only  the  solar  system  blower  is  needed.  Four  motorized-  dampers  are  re- 
quifed  (rather  than  two),  but  only, two  actuators  are  needed.    This  system 

type  is  shown  in  Figure  8-9,  with  the  blower  and  motorized  dampers  Jn  an 

< 

"air  handler"  cabinet.    Although  the  cost  of  a- blower  and  mbtor  can  be  *- 

saved  by  this  design,  two  additional  dampers  are  required,  the  cpntrols 

»  *»  • 
arejjjjfpre  complicated,  air  flow  rates  in  the  several  modes  ?re  less*  adjust- 
able, and  the  "saved"  blower  and  motor,  are  usually  inteqrali  parts  of  the 
auxil  iary  ;furnace. 
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Figjjre  8-9.    Single  Blotoer  System     \^  4 
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Solar  Air  System  Material S,  Components,  and  Installation 
O     Important  operating  considerations  in  the  air  type  system  are  blower 
'power  requi  remits  and  air  leakage.    A  well -designed  air  systegi  has  approxi- 
mately  equal  pressure  loss,  through  the  collectors  and  pebble-bed,  typical ly 
about  0.3  inch  water  gauge  in  each  unit.    With  ducting  and  filters,  the 
total  system  pressure  can  approach  ohe  inch  of  water.    The  total  pressure 


in  an        type  solar^system  is  about  twice  that  usually  encountered  in  a 
conventional  forced  air  distribution*  system,  so  additional  blower-power  vs 
required.    Typical  requirement  in  a  conventional  system!  is  one-half  to. 
three-fourths,  horsepower  for  a  1 500  cfm  system.    The  b.lo\/e,rs  also  operate 
for  longer  periods  than  in  the  conventional  system  because  of  their  use  - 


both,  for  solar  heat  collection  and  for  heat  distribution^  A  one-inch  water 
gauge  pressure  loss  is  about  the  maximum  acceptable  from  the  standpoint  of 
blower. power  cost.  -  .  \ 

Leakage  of  air  in  ducts,  collectors,  and  storage  is  of  greater  con- 
cern  in  a  solar  heating  system  than  lVa  conventional  systenTbecause  the 
pressure  is  higher,,  there  is  more  ducting,  the  system  operates\for  logger 
periods,  and  there  may  be  more  ducting  through  unheated  space.!  The  ducts 
should  therefore  be  made  with  taped  or  Sealed  joints  and  tightl^  fitted 
dampers.    The  ducts  may  be  of  fiberglass  board  or  insulated  she^t  metal. 
Insulation  is  needed  to  reduce  heat  loss  through  the  duct  wallsj  partic- 
ularly in  unheated  spaces  such  as  attics.    At  least  one  inch  nf] fiber- 
Glass  with  a  rating  of  R-4  is  recommended  for  duct  insulation.  - 

It  is  especially  important  with  a  solar,  air  system^th^Jt^a  well 
scheduled  installation  be  made;    fere  space  and  acc^s^'must  be  provided 
in  the  bui  Idinc^for  ducting  than  for  pipes^^rl iquid  system.  I  Ductwork  „ 
and  component  assembly  can  be  clone  ^f^the  same  time  th^tvthe  distribution 


/ 


ducts  and  furnace  "are  installed 
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in  a  typical  construction  schedule, 
* 
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There  must  be  provision  for  construction  and  installation  spWe  and  for 
full  access  to'  the  space' for  systems,  and  components.  A 

Jf  fiberglass  (Juctboard  is  used  for  the  air  duct,  it  should  jrjot  he  in 
locations  where  it  can  be  damaged* by  moving  objects  or  occupants.  Joints 
should  be^well  sealed  vyith  tapes  or  mastics  recommended  by, the  industry. 
Duct  bends  should  be  provided  with  turning  vanes  to  reduce  losses/-  Ducts 
should  be  sized  for  air  velocities  between  70Q  and  10Q0  feet  per  minute.1 

^Blowers,  dampers,  and  auxiliary  heaters  may  be  provided  by  a  singfe. 

*  *  •  * 

solar^system  supplier  or  they*  may  be  purchased  separately.    If  separately 
purchased,  blowers  should      . forward-curved  squirrel  cage  type  and  belt- 
driven  at  900  to,1700  rpm'.    Direct  coupled"  blowers  with  nwtors  in^the  air 
stream  may 'have  shorter  service  life  because  of  motor  operation  in  high- 
temperature  air.    Flexible  connections  between  blowers  and  ducts  are 
"recommended. 

Louver- type  dampers  with  live  silicon  rubber  seals  are  Recommended  for 
positive  shut  off  and  smooth  stroking.    Damper  drive  motors  should  be 
located  on  the  outside  of  ducts  and  direct  coupled  to  the  clamper  shaft  or 
through  linkages.    Damper  pajrs  may.be  operated  by  the  same  drive  mojtor 
such  that  one  is  closed  when  the  other  is  open.    Damper  motors  are  avail- 
able which  operate  on  low  voltage  (24  volt)  and  have  spring  returns. 

Back  draft  dampers,  used  in  ducts  to  prevent  reverse  flow,  may  be  of^ 
*the  flexible  flat  type  or  shutter  type.    They  must  be  mounted  to  provide 
a  positive  seal  against  reverse  air  flow. 

To  prevent  fouling  and  increased  pressure  loss  in  the  pebble-bed, 
filters  should  be* installed  in  the  air  streams  entering  both  ends  of  the 
storage  unit.    The  filters  should  be  changed  or  cleaned*  every  few  weeks 
during  the  first  several  months  of  operation  to  remove;  the  initial  dust 
in  the^system  and  building. 
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*  .         *  ----        "  x  .    "  y  . 

•      *      8-n. \  ■       •  '   ;  •  ' 

Provision  for  supply  of  domestic  hot  water, can  »be  easily  made  in  the% 
a*ir  system  by  th,e-use  of  an.  air-to-waterv hejatfexChanger  in  lihe  hot  'air 
"duc;t  between  the  collector  . and  'blower.  Thereat  exchanger  coilis'a  finned 

*  o  *  S  ,  * 

type,  wi1£  one  *or  two  rows  of  tybes,   A  small  pumpi  circulates  wafer  from 

the  bottom  of  an, insulated  tank  (usually  aboyt  80-gaflbn  capaci  ty) ,  through  - 

«\the  coil,  and  back  to  the  top  of  the  tank,   tfhe  cold  water  enters  the 

solar-heated  tank  and  warm  water  flows  to  a  conventional  automatic  water'  /  - 

heater  whenever  a  JiOt  water- faucet  is  opened  In  the  building.*  A  "duct 

by^pass  as  shown  in  Figure  8-7  (page  8-6)  permits  operation  of  the  service,hot 

water  coil  in  the  summer  without  heating  the  pebble-bed,  ,A  thermostatic 
» 

mixing  valve  can 'be  installed  in  the,  line  connected'to  the  service  hot 
water  tank  from  the  cold  water  main  to  prevent  del i very  of  seal  ding  hot-water. 

The  complete  solar  heating  installation  will  require  heatifig  and  sheet 
.metal  workers  to  install  collectors,  ducts,  dampers, .and  the  conventional 

*  system,  electricians  to  wire  blowers  and  dampers,  plumbers  to  connect  the 
domestic  water  heating  system,  and  carpenters  or  masonry  workeVs  to  con- 

^ struct  the  pebble-bed  container.    Consequently,  the  general  contractor 
and  the  solar  system  contractor  should  coordinate  their  activities  so  that 

^  each- task  is  accomplished  at  the  most  appropriate  and  convenient  stage 
during  construction.    Quality  installation  is  an  important  requirement  to 
obtain  a  high  performance  air  heating  solar  system/ 

*  LIQUID  HEATING  SOLAR  SYSTEM       ■  '  *V  • 

A  schematic  diagram  of  9  complete  liquid-heating  solar  system^for 
solar  space  heating  using  water. 'as  the  heat  transport  and  storage  fluid 

*  is  shown  in  Figure  fif-10.    The  system  is  'compri secjTbf  solar  collectors1, 
storage  tank,  auxiliary  boiler,  and  pumps,  valves,  and  heat  exchangers.. 
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Figure  8-10,-  Water  Type  Solar  Space  Heating  Systefn 
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The  collector  heat  exchancfS?1  is  used  for  systems  in  freezing  climates 
to  separate  the  antifreeze  in  the  collector  loop  from  the  storage  tank  water. 
The  heat  exchanger  may  be  a  counterfloy/^ tube-in-shel 1  type. 

A  central  -  heat  distribution  system  wyth  a  single  heat  exchanger  coil 
or  multiple  fan  coil  units  in  diffa*=efijt  zones  in  the  building  may  be  used 
to  heat  the  rooms*v  Radiant  or  baseboard  convection  heating  is  an  alterna- 
tive method  for  heat  delivery  but  for  satisfactory 'performance,  higher 
temperatures  are  required  than  for'forcjed  air  heat  exchangers.    The  higher 


temperature  is  a  disadvantage  to  system 


operation*  wi.th  flat-plate  collec- 


tors.   The  auxiliary  heater  ojayjje  either  a  boiler  or  an  air  duct  furnace 

The  operating  modes  and  states  of  the  pumps*  tilower,  and  auxiliary 
heater  are  shawn  fn  Table  8-2.    The  locations  of  the' components  are'shown< 
oil  Figure  8-10. 


Table  8-2.    Condi  tiorrSydf  Pumps  and  Valves  for^ 
Solar  WaterjHeating  Systems 


Mode  / 

ColTectbr 
Pum'psL  % 

Load . 
Pump 

Auxil iary 
Heater 

^Distribution 
Bl ower 

Heating  Storage 

on  -  - 

Keerting  from  Storage 

on 

o  (iff  , 

fon  - 

•  * 

\Heating  from-Auxil  iary 

on  or 
off 

f  on 

1  j  :  

•  on 

4  ^ 

Solar ;  Water^System  Materials,  Components,  and  Installation  *;\ 

Piping  jijpy :consist  of  either  copper  or  high  temperature  (CPVC)  plas- 
tic  pipe  and  .all  pipes  should  be  insulated  with  appropriate  material  such 
as  neoprene  foam  at  least  one-half  inch  in  thickness.   'Care  should  be 
taken  to  allow  thermal  expansion  of  the  pipes,and  long  pipe  length  should 
provide  more-. freedom  for  expansion  thart  short  lengths.    Pipes  should  be. 
sized  so  that*water  velb^ity  does  not  exceed  five  feet  f5er  second. 
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In  Table  8-3,  ^ecoirTmended ,pipe  diameters  are  indicated  for  fltfw  rates  in 
gallons  per  minute.  ' 


Table. 8-3/  Recommended  Pipe  Diameters  for  Various  < 
Flow  Ra^tes 


Select 
Pipe  Size 

-Gallons  per 
Minute 

Veloci  ty- 
FPS 

Pressure  Drop  per 
TOO  feet  PSI 

u   

3/8 

2 

'  '  3.36 

6.:58 

■  1/2 

4 

• 

*4.22  . 

'  7.42 

'  3/4 

8      .  • 

4.81 

•6.60 

1    .  , 

■15-. 

'  5.57  . 

6.36  „ 

2,5 

5.37 

'      4.22^'  . 

A 


Circulating  , pumps  should  be  centrifugal ,  type,  coupled  directly  to 

motors  „with  rotating  speeds  between  700  and  1700  rpm.    Cervtri  fuga*1  pumps 

are  recommended  because  the  pumping-  pressure  is  limited  and  if  valves  fail 

to  open,  or  the  pipeline  becomes  clogged,  there  is  no  danger  of  developing 

excessive  pressures  which  could  burst  pipes.  f  With  known  flow  rate  and 

.system  liead,  pumps  may  be  selected  from  stocks/terns  in  catalogs,  or  made 

"to  specifications  by  pump  manufacturers,    impeller's  of  stock  item  pumps 

may  be  trimmed  to  meet  the  specifications.    Centrifugal  pumps  should  be 

f,  ( '  '  ' 

located  so  that  primincj  is  not  necessary,  which  could  be  a  particular  prob- 

-lem^l/fl  vented  systenfor  wher^^^ragfe^tenk  is  underground.  The  pumps 

should  be  provided  with  at  least  fiw  feet  of  head  on  the  s.uctton  side.'. 

.     '  ■   "        '         ■        /        •  ' 

A  • 
.     ,  v  HEAT  EXCHANGERS 

A  heat  .exchanger  jnystbe  provided  to  transfer  the  heat  from  the  collec- 
tor  fluid  to  stor  age  if  the  collector  and  storage  fluids%re.in  different 
loops.    Because"  of  the  low  temperatures  from  flat-plate  .solar  collectors, 
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*  2°1 

m  JL 

*  * 


"  the  temperature  difference  across .heat  exchangers  should  be  small*  The 
•  tempera ture^differenti al  in  a  heat  exchanger  is  minimized 'in  two  ways;  by 

providing  a  large  surface  area  for^feat  transfer  in' the  exchanger  and  by 
%  maintaining  high  flow  rates  through  the  exchanger.    Tube-in-shell"  feat 

exchangers  'are  simple,  efficient,  and  readily  available.    They  consist  of 

singlefor  multiple  tubes  enclosed  within  an  outer  jacket.    One  fluid 

p.*i  *  •  ■ 

passes  through  theitubes  while  the  other  fluid  passes  outside  the  tubes. 

La*rge  heat  transfer  surface  can  be  achieved 'in  compact  arrangements. 

*  "*  *  * 

The  performance,  characteristics  of  a  single-pass  counter'flow  heat 

t 

exchanger  are  illustrated  in  Figure  8-11.    It  can  be  seen  from  the  terrftera- 

ture  profiles  along  the  exchanger  that  the  teigper^tyre  difference  betweer^ 

'  I 
fluids  is  reasonably  small  along  the  length  of  the  heat  exchahger. 


HOT  FLUID 


Figure  8-1 V.  Sihgle-Pass/Counterflow  Heat  Exchanger  (Collector  Heat 
Exchanger  ajt  115,500  Btu/Hr-and  Storage  Temperature  of 
160°F) 
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•.  The.  manufacturer's  guide 'can -easily  be  followed  in  selecting  the 

size  of  a  heat  exchanger.    If  appropriate  information  is  difficult  to 

acquire,  the  manufacturer's  representative  shdufd  be  consulted  for 

assistance  and/or  advice.    The  information  necessary  for  heafexchanger  ^ 

,  »  *  . 

.sizing' and  flui*  flow  rate  determination  are  the  temperature  of  the 

fluids  entering  the.  exchanger  arid  the  Btu  per  hour  heat  {ranSfer  rate 
desired.  *  %  J 

High  flut^  velocities,  and  flow  rates  achieve  high  heat  exchanger 
efficiency  at  the  expense  of  pumping  power.    The  high  flow  rate,  however, 
minimizes  thermal  stratification  in  the  storage  tank  because  of  mixing. 
However,  achieving  efficiency  in  heat  exchange  from  the  collectQrs  to 
storage  and  from  storage  to  the  lo^ds  is  more 'important  to  overall 
system  performance  than  establishing  stratification  in'the  storage  tank. 


AUXILIARY  HEATING  UNIT 


'  .  •    The  auxiliary  heatfng  unit  may  be  a  hot  water  boiler,  forced  air 

/furnace,  or.  electric  heat  pump.    If  a  hot  water  boiler' is  used,  wafer 

jnay  be  distributed  to  individual"  room  heating  units.    This  allows  the  ^ 

^ame  hea*!>ii stributjon  line  to  be  used  for  solar  and  auxil iary.  heated  , 

•       ■  s 
water.  'It  is.  advisable  to  install  the  auxiliary  boiler  in  a  by-pass 

line  around  the  storage  unit  as-'  shown  in^Figure  8-4  (page  8-4)/  This 
arrangement  prevents  heating  water  in  storage. with,.auxiliary  energy., 
Because  the  boiler  is  used  only  occasionally  in  the  solar  system,  it  is 
preferable  tO' operate  a  cold  boiler,  which  maintains  low'temperature 
'  until  auxiliary  heat  is  required.  '  This  prevents  heat  loss  to  the 
boileV  flue  and  also  heat  load. to  the  building  from  a  high  temperature 
boiler. 
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^    %  '  AIR  HEATING 'COILS 

'*  The  room  air  may  be  heated  by  finned  duct  coils  in  a  central  air  dis- 
tribution system,  fan  coil  units  in  different  zones  in  the  building,  or 
baseboard  radiant  heating  units.    The  temperature  of  the  heated  water  used 
in  each  typ'^of  heating  unit  is  .important:    Radiant  heating  systems  require 
higher  water  temperatures  than  difet  or  fan  coil  systems  to  heat  the  rooms 
effectively.  ,  f    ^  2  ^ 

-The  temperature  in  a  solar  storage  .tank  which  is  heated  by  flat-plate 
sol  air  collectors  will  range  between  100°  and  160°F  in  the  winter,  'Base-"*"""*  - 
board  or  radrant  Seating  equipment  is  normally  designed  for  water  tempera- 
tures  at  1 80°"  to  220°F.    Therefore,  the  baseboard  or  radiant  heating  sy£~ 
tems'are'not  recommended  for  use  in  heating  a  building  with  a  solar  system 
which  incorporates  flat-plate  collectors. 

Because  of  space  limitations  or  other  reasons,  fan  coil  units, ^ay  be 
preferred  over  duct  coils  to  heat  room  air*  The  units  should  be  sized  to 
provide  a  required  rate  of  heating  with  water  temperature  of  about  140°F. 
Ducf  heating  coils  may  be*  used  with  a  centr&l  forced  air  system.  These  / 
units  are* commercially  available  and  consist  Of  multiple*  rows  of  finned 
'tubes.    Air  velocity^across  tbese  coils  ihould  be  at  least  500 -feet  per 

minute*.    Manufacturers  of  heating  unitfc'  will  provide  the  proper  size  for  * 

/  I 
ajven  water  temperatures  and  design  heat  rate  requirements  of  the  unit.  \ 

\  '  /  \    *  j\  . 

Separate  duct  heating  coils  for*  sol,ar  heated  waterandfor  auxiliary,  boiler 

/  •  v* 

heated  water  may  be  colisidered  in /a  central  air  distribution  system.*  Two 

separate  coils  will  permit  t)/at  tib  be  extracted  from' storage  until  the 

water  temperature  is  practically/at  room  ^temperature^  while  the  auxiliary  * 

heat  will  be  used'as  necessary  tjo  deliver  the  rate  of  hea%  required  to 

maintain  the  comfort  conditions/ 1/j  theyiwoms.    This  arrangement  necessitates 

a  second' pump,  air  heatirfg  coil/y^nd  ailditi.onal  piping^cmnections,.    If  two 
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coils  are  iise<h  the  solar  heated  coil  -should  be  the  first~coil  in 'the 
direction  of  a*ir  flow,  followed  by  the^  auxil  iary  coiK    If  a  duct  furnace  * 
•is.  used  for  auxiliary^ hearting,  the'  solar-air  heating  cotl*  should-  be  in-  * 
stalled  ahead  of  t'he  furnace  or  at  the  return  air  connection  to  the  furnace 

The  solar  Coil  will  then  heat  the  'coldest  air, 

■ —  » 

*  In  af  solar  system,  a  "single  pump  may  he  usee)  to'  ci reflate  water 

through  two  different  circuits.    For  example,  the  solar  heated  water  is 
*  * 

directed  to  a  heating  coil  in  winter,  and  to  an  air  conditioning  unit  in    *  . 
suifimer\    Switching  the  fluid  circuits  is  accomplished  by  a  three-way  valve. 
Various  types  of  three-way  valves  are  available  and  are  suitable"  for  use. 
However,  if.  there  is  a  leak  through  the  valve,  the  system  performance  can 
be  affected  adversely, so  that  properly  seating  Valves  should^be  seJjscted 

and  tested  early  during  the  start-up  operations.   

f 

^  HEAT  PUMPS 

A  heat  pump  uses . electrical  or  chemical  gnecgy  to 'extract  heat /rom  1 
a  low  temperature  source  and  deliver  the  heat  to  a-higher  temperature  sirvk. 
The  process  is  identical  to  a  ref ri geratfon  cycl-e  and  the  same  machine  that 
^ is  usedas^a  heat  pump  in  winter  may  fee  used:as  a  refrigeration  air  con- 
ditioner in  summer.    The  switching  between  heating  and  cooling  may  be  done 
internally  to  the  machine  by  reversing  the  evapprator  and  condenser  units,  4 

or  externally  byVeversing  the'exchange  circuits  op  the  evaporator  and 

tl  -  ' 

.condenser  side  of  the  machine.  •  Ay 

Heat  pumps  are  classified  according,  to  the  heat  'source'and  the  fluid 

t<3  which  heat"  is  delivered.    There  are  three  types  of 'heat  pumps: 

r        *      *        .  '  " 
\])  air-to-air,  (2)  water- to-ai r,  and '(3i)  water-to-water.  Sqhematic 

diagrams  of  a  heat  pump  operating  as  a  heater  and  as  a  cooler  are  shown 

in"  Figures' 8-12  and  8-13,  %  respectively". 
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8-20  . 
SOLAR  ASSISTED  HEAT  PUMPS 

*~       TH'e  co^ept  of  a  sdjar-assisted  heat  f)ump  is  to  supply  a  higher 
temperatup  heat  source  than  outdoor  ambient  air  to  the  heat  pump^from 
solar;  collectors  or  storage.    Typically, "solar  heated  air  or  w&ter  could  & 
be  40°  to  110°F  above  the  ambient  air  or  water'. temperature.    Because  the 
fluid  temperature  delivered  from  the  collectors  ^is  low,  greater  efficiency*.* 
is  expected  from  the  solar  $ystem  as'compared  to  a  solar  system  using 
direct  heating  method?,  which  typically  requires  150°F  water  temperatures 
above  ambient.    A  solar  heat  pump  system  is  appropriate  in  extremely  cold, 
windy,  or  dloudy  ar^as  where  flat-plate  collectpr^Suld  be  used  effec- 
tively .tp  collect  solar  energy  at  temperatures  sufficient  for  a  heat  pump. 

Heat  is  u^ally  store?  for  the  low  temperature  side  of  the  heat  pump 
because  it  results  in  better  system  efficiency  and  smaller  size  unit  than 
if 'storage  is  provided  irf£he  "hot  side".-  A  possible  system  is  illustrated 
in  Figure  8-14.    Solar  air  heating  collectors  with  a 'pebble-bed  storage 
unit  or  liquid  heating  collectors, with  water  or  phase  change  storage  may  " 
be  used  along  with  any  of  the  three  types  of  heat  pumps  available  commer- 
cially. v 

There  is  not  yet  a  clear  indication  of  what  heat  pump  arrangement  is 
going  to  prove  best.    With  an  air  system,  it  appears  that  the  heat  pump 
can  be,  most  advantageously  used  if  operated  simply  as'  the  auxiliary  furnace 
to  tense*, the  temperature  Qf  the  circulating  air  from  the  pebble-bed  to  the 
rooms.    The  system  is  illustrated  fn  Figure  8-15,  where  outdoor  air  is 
used  as  the  sourcef  In  the  liquid  system, whether  the  heat  puhp  shouTd"' 

3e  us"ed*in  a  similar  fashion,  or  whether  the  source  should^be^the  solar 
storage  tank,  is{  r^>t  yet  clear.*  ^t  this  time,  an  engineer  and*  the  heat 
pump  manufacturer  should  be  consulted  to  assist  in  the'  design  of  a  solar 
heat  pump  combination.      1  s'   '• 
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Figure  Sf-15.    Solar  Hea£ingr System  with  Air-to-Air  Heat  Pump  Auxiliary 
i  (Heating  Building  from  Storage  with  Heat  Pump  Supple- 

i  mentary  Supply)       *  1 
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9-111  : 
'GLOSSARY  OF  TERMS 


absorbent- 


A. liquid  which  combines  chemically  Vith  a  refrigerant 


.     Ratio  of -heat* removal  rate  to  heat  supply  rate 
of  performance  ^  v  1  .  *t 


coefficient  * 


.refrigerant 

'  ton  of 
•  refrige ratio 


♦ 

% 


■Working  fluid  in  a  refrigeration  system  ; 
<-Heat  .removal  at  a  rate  of  12,000  ^tu  ,perJrour 
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9-1 

INTRODUCTION  * 


.  The  -withdrawal  of  heat  from  the  .air  within  a  building  enclosure- 
which  resiilts  in  a  temperature  lower  than  that  of  the  natural  sur-  * 
roundirigS  is 'termed  space  cooling  or  refrigeration,    fne  methods  using 
solar  energy  are  of  particular  interest  in  this  module. 


OBJECTIVE 


The  objective^f  this  module  is  to  develop  understanding  of  the 
principles  of  sol^r  ^pace  cool.-ing  .systems,  *  In  order  -to-*  test  whether' 
this  objective  is  met  by  th£~  trainee',  as^^sj^kimun^level  oT  accomplish- 
ment,       trainee  should  be  able  to:  w  ^  \ 


A 


,  1.  List  the.  different^cbol ing  methods  and^  - 
-  *2.*  ^Describe  the  operation  of  cooling  systems. 


t: 


CATEGORIES -OF  SPACE  COOLING-METHODS 


'There  are  three  categories  of  space  cooling  methods  for- residential 

•  s-V  ft*'.  . 


balldings.  They^£fc^J 


1.  Refrigeration      "  ^* 

2.  Evaporative  xooling 

%.    -  Radiative  cool  ing   *    .  * 


^er-gy  is  directly  useful  only.in  refrigeration  methods. 
Evaporative  cooling  and  radiativp  cooling  are  indirectly  ^related  to 
solar  energy 'in  that  they  <are  dependent  on  cjimatic.  faqt'oYs..  The* 
discussion  *in  this  module,  concerns  principally  refr^Jgeration  methods. 
Evaporative ''and  radiative,' cool  ing -are  also  briefly  mentioned.     .  , 


4 
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r  ■  DEFINITION  OF  TERMS 

The  capacity  of  a  refrigeration  machine  to  cool  room  air  is  custom- 

arily  referred  in  tons  . of  refrigeration/  .A  ton  of  refrigeration  is  the 

^* 

removal,  of  heat  at  a  rate  of  12JQ00  Btu  per  hour.,  Another  .often  used 

;    .  '  '  .     :  w  y 

term  in  connection  with  refrigeration  equipment  is  coefficient  of  per- 

formance,  CPP.    The  *C0P  expresses  the 'effectiveness  of  a  refrigeration 

cooling  system  as  the  ratio  of  usfeful  refrigeration  effect  to  net-energy 

supplied  to  the  machine,*  The  COP  i-s  determinedly  the  simple  equation 

below:  •  «  - 


4 


*  m    Ynp  =  jr    Heat  energy  removed  

^  ~   Energy  «supp] ied  from  external  sources 

The  COP  of  a  mechanical  vapor-compressi/n  refrigeration  machine  is 
characteristically  about  two  and  can  be  as  Ivigh  as  four.   The  COP  of  a 

'        \  -  *s 

l?thium-bromide-wat«&  absorption  refrigeratiok  machine  is  about  0.8  and 

I  •  ^  \  \ 

'more  often  operates  in  the  range  from  0.6  to  0.7.    A  COP  less/ than  1/0 

means  there  is  moire  energy  supplied  to  the  machine  than  heat;  energy 
*  ♦ 

removed,  ?rorfl*the  room  air"  From  the  cooling  capacity  and  COP  the  energy 

consumption  rate  by 'the  machine  to  produce  the  cooling  effect  can  be 
•determined  by.  dividing  the  hea^  removal  rate  by  the' COP.    For  example, 
'with -a  3-ton  absorption ^ir  chiller,  having  a  heat  removal  rate  of 

36-,Q00  Btu  per  hour,  and  a  COP  of  J). 6,  the  quantity  of  heat  needed  at 

the -generator  is  60,000  Bti^per  hour  (36,000  r  0.6). 


.  REFRIGERATION  SYSTEMS 


Refrigeration  systems,  accomplish  cooling  by  removing  heat  from  the 
air  as  it  comes      contact  with  a  cold  refrigerated  surfate.  Conven- 
tional  vapoV-compVess,ioi|  systems  using  electric  motor^are  potentially 
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convertible  to  systems  with  solar  heft  driven  motdrs-,  and  absorption 

refrigeration  systems  Using  gas  fuel  heat  arg*  potentially  convertible 

to  systems 'using  solar  heat.    Of  many  possible  systems,  onl^.the  absorp- 

.tion  systems  are  now  available  and  are  potentially  economical  in  the 

near- term  .(next  five  year*s ) .    Of  the  Various  types  of  .absorption  machines 

possible,  the  lithium-bromide-water  unit  is  currently  (1976)  the  only 

*         *  »  • 

type  which  is  commercially  available  for  residential  space  cooling  - 

applications.   '  .  .  • 

r  * 

ABSORPTION  REFRIGERATION  %  . 

An>  absorption  refrigeration  machine  uses  heat  energy  to  provide  , 
co&ling..  When  a  ltqjjid  mixture  of  refrigerant  and  absorbent  is  heated, 
the  refrigerant  is  driven  out  of  solution.    The  refrigerant  flows*  f row 
the' generator,  through  a  condenser,. expansion  votive,  and  evaporator, then 


into  an  absorber,  wl\ere*it  recombines' wfth  the  absorbent.    In  a  lithi 


urn- 


n 


bromide-water  absorption  machine*,  Wefte^is  the  refrigerant  and  lithium 

bromide  is  the  absorbent.    An^abVprbent  is'  a  liquid  which  combines  '      „  • 

.  {  *      ■  *  i     V  \  0  ■ 

chemically  with  the  refrigeranf^at  low  tempererftfres*  but  will  separate 

from  the  refrigerant  atjiigh temperatures .^^jri  the  combtftration  process, 

heat  absorbed  by  the  refrigerant  JsireleSsed."  '  v 

The  operating  principle  of  a  lithium  bromide  abs6rption  cycle  His 

explained  with  the  aid'of  Figure  9-1.    The  cycle  begins  when  water  ir^ 

the  liquid  mixture  in  the  generator  is  boiled  off  and  ••superheated  with  *~ 

■*       solar  energy  at  temperatu^R  between  1 70*  and  210°F.    Superheating  of 

7  yater  is  made  possible  by  having/veYy  low  pressure  in  the  s>stem*-The 

superheated  water  vapor  leavingtthe  generator  enters  the  condenser,  where 

it  is.CQpl^d  to  about,  100°F  by  the  cooling  wa|er  f»*m  an"  outdoort^cooling 

tower ^    The  vapor  condenses,  to  a  liquid  and  1s*fcheh  revaporfzed  through 
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Figure  9-1.    Absorption  Air  jCondi tiongr/      Schematic  Drawing 

'  :"•    •  ■  : 

an, expansion  valve  which  cools  the  vaport-1  liquid  mixtures  to  a -temperature 

t  \  * 

of  40°F  in  the  evaporator  coils.    The  heat  jn  .the  air  br  water  which  is' 

•  K        '   ,  * 

brought  Tn  contact  with  the  evaporator  is  removed' by  the  cool  refrigerant. 
The  refrigerant  then  passes  to  the  absorber  where  j*t  recombines  with  the/* 
concentrated  lithium-bromide  sol ution^  from  the  generator  at  a  temperature 
of  about  J00°F.    In  this  recombination  process^,  heat  is  released,  and 
thereat  is  remoyed  by. the  cooling  water- from , the  cooling  tower.  >The  *' 
dilute  solution  of  11  thium-bromide-and  water  in  the  absorber  flows  'by. 
gravity,  or  is  pumped,  back  to  the  generator  and  the  cycle  is  repeated. 
Tjte'recouperator  ^n^the  diagram  \%  a  heat  exchanger  which  preheats  the 
dWute  solution  as  it  fpows  from  the  absorber  to  the  gene'rator  an^at  ^ 

M  >* 


1  * 
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the^ame  time  cools* the. hot 'Concentrated  solution  which. flows  from /the  * 
generator  to  the  absorber.  *  \ 


£  /    Temperature  -Restrictions     \  ;  | 

•  The  operating  'temperature  range  of  the  hot  water  supplied  to  the 


'/    %     generator  of  a  sol ar,-operated  1j  th'ium-bromttie-water  absorption  refrige 

/  f 


tion  machine  is  restricted  from  about  170°F  to  210°F.    The -heat  input 

V 

to  the'generator  must  be  sufficiently  high  to  boil  the  refrigerant 
(water)  from  the  solution  in  the  generator.    The  temperature  must  be  at  ,  ^ 
least  170°F.>  The  upper  temperature  is  normally  limited  to  210°F  because 
the  ho't  water  to  the  generator  i*  a  soTkr  system  is  provided  from  storage 
and  the  temperature  in  storage  will  be  less  than  the  temperature 
of  the  concentrated  lithium-bromide  solution  which  flows  from  the 

<  * 

generator  to  the  absorber  through  the  recouperator.    If  the  temperature 
is  too  low  in  ttie  recouperator,  and  the  concentration  of  th$  Tithium- 
bromi de-water  solution  is  high,  the  lithium-bromide  will  solidify  in  the 
outlet  tube  leadinq  from  the  recouperator i to  the  absorber  and  eventfolly 
in  the  generator  as^the  water  continues  to  be  boiled  off  and  the  concen- 
tration  of  lithium-bromide  increases.    Provided  the  temperature 'in  the   +  ; 
generator  is  betfeen  170°F  and  210°F,  the  unit  will  operate  satisfactorily. 

Tyfles  of  Lithium-Bromide-Absorption  Chillers       K   \  »  ' 

There  are  two  iypj^sjaf  1  ithium-bromi de-water/absorption  chilleVs. 
One  type-cqols  air. directly  at  the  evaporator  coils  and  the -other  type  ; 
cools  water  which  "contacts  the'evaporator  ceils.    With  an  air  chiller,'  f 
room  air  can  be.  circulated  directly  past  the  Evaporator  coils.  The 
second  type  requires  a  fan .coil  unit  with  room  air  being  cooled  through 
the*  fan  coil  unit*'  ■  7 
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-With  a  water  .chiller,  the  chilled  water  can  also  be  stored,  which 
enables  a  system  to'op'erate  continuously  over  a  longer  period,  which  in 
turn  is  beneficial  to  the  system 'COP,  and  the  chilfed  water  used  together 
with  direct  cooling  can  provide  for  a  large  peak  cooling  load  when  heeded. 
An  air  chiller  does  not  provide 'for  a  convenient  means  of  cool  storage 
and  thus  the  uijit  will  cycle  on  when  space  cooling  is  needed  and  will 
shut  off  when  it  is  not  needed.    When 'frequent  cycling  occurs,  the  COP 
of  the  cooling  system  will,  be  very  low.    Continuous  operation  o§  the 
cool ing. system  wil)  ^nntain  a" high  , COP.  -  „  


HEAT  PUMP 


N      A  heat  pump'can  be  used  as  either  a'space  heating  or  coolipg  unit. 
As  a  cooling  unit,  the  device  absorbs  the  heat  from  inside  a  building 
and  rejects  it  to  the  outside  air.'  Th^principles  of  operation  »are  . 
described  in  Module  8. 

SOLAR  RANKINE-CYCLf  ENGINE  *  : 

Instead  of  driving  the  compressor  of  a  vapor-compression  refrigera- 
tion  machine'with  an  electric  motor,  an  alternative  .source  of  power  for 
the  compressor  is  a  solar-powered  engine.    Solar  Ifeat  can  be  Used|fc 
vapof^ze  an  organic  fluid  to  drive  a  turbine.    The  turbine  is  coupled 
to  a  compressor  of  the  refrigeration  machine,  as  shown  in  a  schematic 
drawing  of  a  simplified  system  in  Figure  9-2." 

FTeat  is  supplied  to"  the  boiler  by  a'  solar  collector.    Thg^fluid  in 
the  toiler  isA  vaporized  and  ttie  vapor  drives  the  blades  of  the  turbine. 
The  rotating  shaft  of  the  turbine  then  drives  £  compressor  for  the 
vapor-compressior?  refrigeration  machine  which  'produces      ~  f  u 

the  desired  cooling  effecf/^The  *vap£r  from  the  turbine  is  changed  to  a 
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Figure  9-"£.    Ranki,ne-Cycle  Vapor  Compression  System 


liquid  in  the  condenser  and  is  pumped  back  to  the  boiler.  The  regenerator 
is  a  heat' exchanger  to  recover  some  of  the  heat  from  the  vapor  ejected 
from-the  turbine."  This  machine  is  still  in  the  experimental  and  develop- 
mental  stages  and  is  not  yet- available  as  an  operational  unit.; 


,  EVAPORATIVE  COOLING  A 


'  "1 

EVAPORATIVE  COOLING  THROUGH-, ROCK  BED 

A  simple  evaporator  cooler  can  be  used  to^cool  warni  air  by  passing 
the  air  through  an  air  washer.    Depending  upon  the  velocity  of  air  and  / 
wet-bulb  temperature,  warm  air  may  be  evaporatively  cooled  to  'a  desired- 
dry-bulb  temperature.    As^an  example,  outside  air  at  100°F  dry-bulb 
temperature  and  70°F  wet-"bulb  temperature  (relative  humidity  22  percent) 
.  can  be  ,cooTed  by  an  air  washer  to  about  77°F.    However,  the  relative 
.  humidity  would  be  an  uncomfortable  71  percent.    Strictly 'speaking,  evap- 
orative cooling  is  not  a  solar  system.    However,  because  the  rock  bed, 
of  an  air  heating  solar  system  can  \>e  used  for  storing  "cool"  in* 
the  summer-time,  an  evaporative  cooling  un^Mjjay  be  considered  along  »' 
„  with  an  air.^eating  solar  system. 

An  evaporative  cooler  coupled  with  a  rock-bed  storage  unit  is  shown 
in  Figur%  9-3,    Night  air  is  evaporatively  cooled  and  circulated  through 
the  rocl<:  bed  to  cool  down  the  pebbles  in  the  storage  unit.    During  the 
,  .day,  warm  air  from  tfte_bui1ding  can  be  cooled  by  passing  the  air  through 
^  tie  cool  pebble-bed.    The  dampers  in  the  ducts  are  positioned  to' direct 
*    the  circulation  o*f  air  appropriately.    When  cooling  is  no  longer 
S(t   achievable  through  the  rock  bed/  the  outdoor  air  can  be  cooled  directly 

4  * 

and  delivered  to  the  rooms.    Evaporative  cooling  is  practical  only  for 
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Figure  9-3,    Evaporative  Cooling  with  Rock  Bed  Storage 
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arid^nd  semi-arid  regions  where  the.  relative  humidity  and  night- time 
temperatures  are  normally  low.  ' 

TRIETHYLENE  GLYCOL  OPEN  CYCLE,  DESICCANT  SYSTEM 

A  system  which  provides  cool  ing  by  'dehumidifi cation  of  the  a>ir.is 
shown  schematically  in  Figure  9^4.    it  is  an  open  cyc]e  system.  Moist 
room  air  is  dehumidified  and  cooled  by  'triethyl ene  glycol  as  the  air 

'flows  through  the  absorber..  The  dehumidifed  air  passes  through  elimina- 
tors to  remove  the  liquid  glycol- from  the  ai,r  and  is  further  evaporati  yely 
'cooled  ancT  redistributed  to  the  rooms."   The  liquid  desiccant  which  passes 
through  the  absorber  picks  up  moisture  from  the  bui-1  ding  air  and  becomes 
diluted.    This  dilute  triethyl  ene  glycpl  solution  is  regenerated  to  a 

,  concentrated  form  by  using  solar  heat  to  remove  the  water  and  is 'returned^ 
to  the  absorber  and  recycled.    At  "the  stripping  column  the  liquid  mixture 


is  sprayed  irtWa  stream  of  solar,  heated  air.    The  Seated"  air- picks  up" 
'the  moisture  from  the  glycol  spray  and  is  exhausted  to  the  atmosphere. 
Liquid  glycol  droplets  which  are  carried  with  the  air  stream  are  removed 
by  the  eliminators.    If  there  is  insufficient  solar  heat,  then  an 
auxiliary  heater  is  used  to  heat  the  ait  stream.    The  triethyl ene  glycol 
from  the  Bottom  of  the  stripping  column  returns  to  the  absorber  through 
heat  exchanqers  to  recover  heat.  /       w  , 

A  wide  range  of  solar  heated  air  temperatures  is  possible  to  operate 
this 'System,  from  84°F  to  180°F.    The  higher  .the  temperature,  however, 
the  higher  will  be  the  COP  of  the  machine. 

A  liquid  desiccant  operv-cycle  system  in  large  sizes,  using  convene- 
tional  heat  sources,  i s  commercial ly  available.  Except  for  an  experimental 
.  unit  which  was  studied  25  years  ago,  this  type  o'f  system  has  not  been 

♦  » 

actively  considered  for  residential  space  coolincj  systems. 
*  * 
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RADIATIVE  COOLING 


„  The  use  of  a  fTat-pl ate  col  lector  to  cool  water  q.r  air  by'night 
radiation  in  tfie'cool  rscg  season  ha*  been  suggfested  as  a  possible  way  to 
cool*  a' building.    In 'principle,  radiation  from  the <absorbeY 'surface  of  a 
flat-plate  cqI lector  to  the  cold  night  sky  could  cool  the  abso/ber  Surface, 
and  hence  Also  the  water  br  air  circulating  through  the  collector,.  The 
difficulty  with  tfiis  method  is  tffat  a  good  collector  is/ a  poo?  radiator, 


therefore  /  usitig  the.  same -'col  lector  wh^J^  col  lects . solar  heat"' for  the 


1' 


heating  season  to  cool  airof  water  in  flV  cooking  season  is  not  practical, 

There  are  -two  solan  houses, -one^in  California  and  the  other  i ry 
„ '     ip  '  *  -  /  • 

Arizona,  that  utilize  evaporative  cooling  and  night-time  radiation  to 

regulate  the  temperature  rise  in  residential  buildings.    The  buildings 

have  a  shafil ow "water  pond^on  the  roof  with  sectional ized  retracting 

\;  .frisul aYi.ng  covers  over  th^pond.  'The1  covers  are  retracted  at  night  to 

cool  the/ pond- by  evaporation  and  radiatjion  .to  the  night  sky.    The  covers 

.  ^  are  closed  during  the  day.  to  prfe^nt  solaT^he^ing  of  the  pond.    The  cool 

pond  absorbs  the  .heat  from  t;he 'rooms  below  to^  keep  the  building  space 


cool . 
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During  the.'winter  the  shallow  ponds  aee  u'sed  for  he^ng  the  build- 

£       ing.    The  insulating  covers  are  retracted  during  £unny  days"  to  collect  - 

solar  heat  in  ihe  ponded*  closed  at  night-ta  prevent  excessive  heat 

'  loss  from  the  pond.    The  stored  heat  in  the  pond  then  radiates  dniformly.  rjr* 

*into  the  livihg'space  below.  'At  special  locations1  inthe  country,  this 
*     ,         '      *  *  ** 

typk  of  heating  and  cooling  system  is  effective.    However,  in  freezing 
climates,  there  are  obvious  difficul  ties"  when  the* outdoor  temperature  is  "  , 
very  low.  *     *  * 


•   '  ■.  9-13    .  . 

A  variation  of  .the  system  is  shown  in  Figure  9-5.    Water' in  the  • 

radiative  cooler'1  on" the*  roo^bf  the  house  is  cooled  by  evaporation' and 

radiation.    When  thecojd  water  in  toe  storage  tank  can  be  cooled,  the 

water  is  circulated  tb  the  radiative  cooler;    The  radiative  cooler, 

,  which  is  a  water. pon<£  "will  usually  be  dry  during  the^day  because, when 

the- pump  is  shut  off,  the  water  automatically  drains  into  the  cold  water 

tank.    Ati  open  cycle  system  such  as  tjiis  is  subject  to  accumulation  of 

debris  ^pd  frequent  cleaning  will  be  necessary.    Also,  because-the  system 

\ .  .  * 

will  collect  rainfall,  an  overflow  must  be-p/ovided  to- the  storage  tank,  . 

*\%  v  -  #    '  v   y       *  • 

and  in  off-seasons",  the  meltitjg  snow 'should 'be' suitably  by-passed  from 

the  tank.  *  •  ,        "  -  ;         .  i*  : 

The' building*  is'cool^sd  by  circulating  the  cold  jWater  through  a  fan 

coil  unit.    When  the  temperature  of  the  water  at  the  bottom  of  the  cold 

water  tank  .is  too  high  Nfor  efficient  operation,  the  fan/coil  unit  and 

circulation- pump  are  shut^off. 

Because"  of  the  ^cbntinuous^  evaporation  fh)m  the  shallow  roof  pond, 

.  •    ,  *    l*  "  - 

frequent  addJtipn  of  make-up  water  is  necessary.    Unless  the  wajter  is 

drained  and  exchanged  frequently*,  the  salinity  of  the  water  will-increase. 

V 

Draining  of  the  shallow  roof  pond  can  6e  accomplished  during  the 
.  cooler  .seasons  of  the  year  when  building  air  cooling  antl/or  dfehumidifica- 
tion  i^  not  required.    Because  the  temperature  of  rafn  water'woyld  be  *- 
close  to  the  wet-\bulb  temperature  of  the  air,  in  most  instances,  rain  ' 
e  would, assist  in  the  cooling  effort.    Snow  and/or  melting  snow  s+iould  . 

V 

cause  no  problems  during  the  winter,  provided* that  the  pipe  draining  tHp. 

*  S>  J 

roof  pond  i\s";large  enough  and  the  storage  tank  is  protected  from  freezing. 
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INDUCTION-  *  .      .  . 

„ A  solar  space  cooling  system  combined  with  a  solar  space  heating. 
£     system  provides  the  opportunity  to  utilize  the  collectors  and  storage 
units  d'ufi?^t^e  entire  year.    In  areas  ^ff?r^both  heating  and*  cooling 
'<ar,e  needed  in  residential  buildings,  a  combined\ystem  may"\soon  become 

practical .  C^__ 
Ifl  a  previous  module,  a  space  heating  and'cooHng  scheme  using  a  . 
shallow. water  pond  on  the>ooJLof  a  building  was  described..  Such  a 
system  has* been  shown  to  be  workable  in  selected  regions  of  the  country 
<  where  winter-time  temperatures  are  mild.  -  The  difficulty  in  colder  * 

V 

*  ,   regions  of  the  country^ is #princi pally, with  freezing.  - 

The  arrangement  and  operation  of  solar  cooling  systems  coupled  to 
solar  space  and  service  water  heating  systems  are  -discussed  in  this  . 

*  moduTe.    In  arid  and  semi-arid  regions,  an  evaporative  cooling  unit 
coupled  with  an  air-heating  solar  system  is  a  possible  means  to^provide 
limited  space  cQoling  capability.  -  % 

•OBJECTIVE  < 

•   *  i"he  objective  of  the  trainee  in  this  module  is  to  recognize  the 

components  and  interfaces  needed  for  a  combined  solar  heatirjg  and  cooling 

*  * 

*  i  * » 

system  and  understanding  of  the  operating  characteristics  of  the  system.  * 


/ 
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SQLAR  HEATING  AND  ABSORPTION  COOLING  SYSTEM 

r  A  Iji.thium-bromide-water  absorption  system  is  thte  only  solar  cooling 
unit  described  in  thi^  section.    The  trainee  should  be  aware,  however, 
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*  *  o 

that  research  is  currently  being  conjkrc^ed  with  other  cooling  urvits,  # 
such  as  an  ammonia-water  absorption  systei\  and  Rankine-cycle  soJIar  dnVeH 
engines  coupled  to  a  vapor  compression  cooling  machine'.    With  further 
developments,  such  systems  may  become  practical  in  the  future. 

■  ■  ■  ; 

SYSTEM  COMPONENTS  .  A. 

A  lithium-bromide  absorption- unit  combined  with  a  solar  heating 
system  is  drawn  schematically  in  Figure  40-1.    The  main  components  of 
*         the  system  that  are  common  to  both  heating  and  cooling  functions  are  s 
the  following:  .  b 

'  1 .     Solar  collectors 

2.  Storage  tank  fc  '  • 

3.  Auxiliary  boiler 

4.  ^uct  d^fiV  and  distribution,  ducts. 

The  additional -components  required  for  the  solar  codling  are: 
1.     Absorption  chiller 
-   2.     Two  cool  storage  tanks    ^  - 

3.  CooVlng  tower  . 

4.  Circulation  pumps. 

jhe  £pl lectors  are  sized^o  provide  the  'major  fractio~h  of  the*  total 

substantial  portion  of  the  hot  water  necessary  to  operate  the  absorption 

chillier  during  the  cooling  season,  provided  that  the  collectors  can. 

deliver  heat  at  temperatures  necessary  to  operate  .'the  absorption^hill er 

and  can  do* so  at  reasonable' efficiencies . 

The  storage  tank  should  be  sized  in  relationship  to  the  collector 
C  ■  \  ,  •     %-  \  * 

area  selected,  and  should  not  be.  less  thari  1.5  gallons,  nor  greater  than 

.    *  •  •  "  /- 
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Figure  10-1.    Sol arUe'ating  a^nd  Cooling  System 


,*2.5  gallons  per  sfluar^^ot  of  col  1  ect&A^gg&ngl  1  storage  tank  ^ize  in 
relationship  to  col  lector**area  may  cause  f^fcent  boiling  in j/ie  collectors 
and  irvstora'ge  during  the  summer  mbnths,  and -in  a  larg'&r  storage  tank,  tfje  \ 

water  n£y  not  be*hot' enough  to  enable  efficient  operation  of  th,e&af>sorp- 

•  *  *    .  *         .  #  5  *  " 

tian  chiller.    With  a  small  storage  tank,. heat  is  wasted  in  steam  when 

boil t^rig-*  o.ccur/  and  a  larger  amount  of  auxiliary  energy  will  be-jrecjuired 

to  QperatS  the'chiller  as  cdnjgared  to  a  properly,  sized  storage  .tank. 

,    Similarly,  with'a  U^kstora'ge  tank,. the  auxiliary  bo i1|r  may.be  required 

more  frequently  because  the  storage  tank  temperature  canoot  i>e  raised  ,to 

Jti)e  desired  operating  range  of  the  absorption  xftiMejc.     •  f 

The  auxiliary  boiler  is  used  to  proviW^neat  whej}  the. temperature  of  t  * 

i       -  +  '  *     t  • 

t  the'wateV  'in'  the  storage  tank' is- not  sufficient  etther'to  heat  the' rooms      B      ,  4 

to  maintain'the-  desired  comfort  conditions  or  to%dH\*e^the  absorption 

chiller  Unit.-.  \he  boiler  Should  be  atfjustedflo  deliver  about  150°^  water  ^ 

durinq  the  heating  season  to  the  heading  coils,  and  about  190°F  water 

during  the  summer  to  the  absorption  chiller.  ^        ^  ^  .  *  * 

'    ^       The-ser*vvce  water  htati^g  components-  will  operate  throughout /thyea^ 

'4.  withoyt  adjjjstmeritY  -Because  the- water  'temperatures*  in  the  heat  exchange 

'  Voo^s  will  be. high,  pampas  and  valves^hat  can  withstand  high  operating 


1  be. 

temperatures  should  be  selected.    *         "  ^J/*' 


er|c 


s      ■  -  *        .  ^ 

"  OPE^ATiNta-  CHARACTERIjTICS  ,  •    .      «  .  "  > 

•  '.         **         ^  .  . 

*  •  .  *  /• "  * 

'.Collection  Subsystem*  ,  V."  * 

*"jhtf  .Solar  hea£  col l\ct\oi» subsystem -in.  the      tern 'shown  Schematically  , 
'    inJ4Mre  10"1  wil>1  0P?^te'  whenever  the  liquid  temperature  in*  the  collec-.  < 

•  tor"  is  greater. than  the  storage  tank  water  temperature  by  a  preset  amount,  '  - 

*  say -2D°F;  anjd  the  circulation  pumps  will  shut  off  wh^n  the  collectors'.. 
*  *  3& 


cannot  deliver  heat  6t  a^tetjtf^ature  gPfeater  than  the  water^Jn^the 
s^age^ tank r^^ause^^^J  Ts  a  hlat^exchanger  in  the  heat 'col  1  eci.ion 
loop,  th^  temperature  differential  .for  shut  *off. will  be  about  5°F.  The 
heat  exchanger  is  usetf  tALSeparate  the  collector  fluid  from  the  storage^ 
fluid  and  antifreeze  can  be  added  to  the,  collector-fliiid. 

During  the  heating  season,  the  temperature  rangepjjpthe*  stora'ge 


tank  will  be  from  about  90°F  to  150°F,'and  with  100TJ  gallons  of  water,' 
there;will  ba  500,400  Btu  of  heat  available  in  storage.    During  the^ 

«  •  . 

cooltng* season,  the  useful  range  of  water  temperature  in  the  storage 
#tank  will  'be  from  180°F  to  210°F,  and,  again,  in  3000  gallons- of  water, - 
250,0*00  Btu  of  useful  heM  can  be  stored  to  dwve  the  absorption  uirit.  < 
Although  the  absorption  chiller  Cannot  be  operated  v/ith  water  tempera- 
ture  -less  than  180°F  in  the  storage  tank,  th«»ervice -water  heating 
.systen^an  extract  the  heat  usefully. 


Heating -Subsystem  .  4  ^ 

1      The 'water  fronrthe  upper  part"  of  the  storage  tank  i\s  pumped  through 

1^  •  •  .#       "  V  •       ;  .  ■  ■  • 

the  heating  coils  and  returned  to  tw  bottom  of  the  storage  .tenk.  The 
heating  £oit  can  be  in  the  main  duct  in  a •centrdl'iieating  system  or 
separate  fan  coil  units  may  be  used  indifferent  zones  of  the  building. 
There  will  be  longer  pipes  'and  more  valves  required  for  >a  ffl|£oil  heating 
urii.t  than  are  needed  for  a  coil^  in  the'cfentfal  di stri but; ion. system.  #  * 
v  'When  t lie*  temperature  of , the  water  in  storage^  is  not  ^sufficient  to^' 

^deliv^r  heat  a't  a  rate  sufficient*  to^  maintain  the- comfort  levql  in  the' 
rooms,  the  auxiliary  boiler  engages  automatically 'to  deliver  hot  w&ter 
to  the- heating  coils.    It  is' recommend e*d* to  arrange  the  piping^  so  that 

'  when  the  auxiliary  boiler'is  on-,  the  rebrn^oter  from  the  co1]-swby-p&sse^ 
the  storage  -tank, ._  The  storage ^ater  temperature  wrVl  -be  "low  when  the 


auxiliary  boiler  is,  del i vering  (hot  water  and  the  return  w^ter  temperature 

fj-em.the  heating  coil  will  be  higher  than  the  storage  tank  temperature. 

By-passing  the  storage  tank  will  prevent  heating-  the  large  volume  of, 

water  in  the  storage  tanV  with  auxiliary  energy. 

The  the^io stat  in  the  building  is  the  sensofr  which  drives  the  heat- 

Mng  system.    A  dual  .contact  unit  is  required  for  the^  system  shown  in 

Figure  10-1/  As  the  room  cools,  the  first  contact  will  engage"  the  4 

circulation  system  from  the  storage  tank  and,  if  the  room  temperature 
«  '  S 

continues  to  fall,  the  second  contact  will  engage  the  auxiliary  boiler. 


When  the  room  temperature  rises  to  an  adequate  Vetfel ,  the  heating  cycle 
is  shut  off.     *  N  . 

Let  it  be  assumed  that  the  design  heating  Voad  for  the  house,  is 
50,000  Btu/hr- with.va  design  outdoor  temperature  of  0?F,  and  the^verage^ 
heating  degree-day  in  January  is  35  degree-days.    The  heating  load  for  the 
•day  wou]d  then  he  determinedly:  .'         ;.  *      %  ..».', 


or. 


V ?4  hours x /  Design  heating  load  .  »  , d  .      _d  '  » 

j  MDesign  temperature, difference'  ^ae9ree 

"  (24  ^><B^ffigfay>  (i°p-d^  =^17>65°  BtU/day  ' 

♦  "a     "  -  / 

Witji  th*e  water  temperature  range -in  a  1200  gallon  storage  tank  of  *95°F 
v  *  •        •  *  ■        *  ,  if 

to.  l'4p^F ,  'there* will  be  enough"  bj£  stored  <450, 360  Btu)  to  supply  .about  • 
'  three- fbu r€hs  of  Ue  heat  that  .is  needed  during,  the  day,  or-  about  18    .  , 

hours.  -  Thus  the  solar'  collector  area  should  be  sized  so  that  wi-th  six  ^ 
.hours  6f  solar. heat  collection  during  the  day,  'twere  will  ,be  about  18 

*        •       '  .         •   '  '    *  * 

*  hDurs  of  -heat.de \i very  from  storage  t<Tth6  building  through  the  evening 

Jiours  and  "during,  the  Wight  *ntil  solar- energy,  can"  be,  collected  again  the 

'    '     .        .  -„      .  7'-  '  '  • 

foil  owing11  day,  v  -  *     .. ,  /•    ,  , 


When  tft^  average  ambient  air  temperature  is  less  than  that  assumed 

in  the  foregoing  confutations,- more  heat  will  be  required. to  heat  the 

balding  than  can'  l*e^ielivere(J  from  the  -solar  system,  but  there  will 

also-be  days  with  higher  average  temperature  and  the  solar  system  can 

del  ivei:  jnore  heat^fchari  is  needed  to  maintain  the  comfort  level  .in  the. 
•«-^  .  »  ?  '    ,  f  • 

«     house.  .  WheYi  averaged 'over  a  Seating  season.- the  solar  system  should 

■-^-^iCQ^ide" between  60  £nd  80  percent  of'the^space  heating  needs.  * 

.  •  *  „  ^  t  •  . 

^       Service  Water.  Heating  Subsystem  *  '  '   «  V  /  , 

Hot  water  from  the  top  of  storage  is  pumpfed  to  aj^ouble-^alled  heat 
exchanger  and  returned  to  the  Bottom  of  th%  storage'  tank.  '  Simultaneously 
the  water  from  thfevsolar  preheat  tank /is -circulated  through  the  heat' 
'  '-exchanger  and  back  to  the  top  of  the  preheat* tsfnk.    ttfe  syftem  operates  • 
whenever  the  .temp.eratur^&of  water  in'tne  jtorjage1  tank  is  greater  tharv  .  * 
the  Water  temperature  in  the  preheat  tahk^fry  a  preset  amount,  and 'struts 
.  off  when  useful . hteat;  cannot  be  delivered  from^storage  to  th'^prefheat  - 
tank,  or  the  preheat  tank  temperature  h^s  reached  a  limiting  hi^h  tempera 
ture/  say  l4o°F'.*..    *    ;  ]m  ,  N  . 

During  the  heatil^  season;  the  water  tempera'ture  in  the  storage  tank 
will  6e. frequently  less. than  140°F;  thus  ah  auxiliary  hot  water  heater 
is  necessary  *to  assure  delivery  of  hot  service  water.    The  solar  heat  is 
thus 'used  to  pfeheat  the  cold  water  from  the  water  main  before  entering 
the  hot  water-Jfeater.    During  the  summer,  the  water  temperature  in  the 
storage  tank  wijl  be  generally  greater  than  1$Q°F;  thus  'the"  preheat  tank 
can  be  kept  atSigh  temperature  with  only  Infrequent  n^essity  for  '    .  , 


auxiliary  heading.. 

, 1  mt 


*  s 


-SuppcTse £t&SJ  ah  average  daily  use  of  service^water  In  tha  household- 
■is°:75  gallons  per  day.  tAlso  a^uipe  that  jj^e  wafer  tejnperatrtre  from  the 


main  is'about  60?F  and  desired  water  temperature  at  delivery  is  140°f.";% 
.The  daily  quantity  of  heat  necessary  to  rai,se  the  #temperatpTa;^J^  ser- 
vice water  from^O?  to  140°F  will  be  about  50,000  Btu.    De3 lVery Of 50, 000 

*  *  .*  »  ■ 

Btu  from  storage  to  the  service  wateVheating  system  will,  cause  a  drpp  in 

<- 

storage  water  temperature  of  6°F  (assuming  no  heat  is.  del i^ered  fronMhe 

collectors  to*storage  in  the  interim  period).    If  the  storage  tank  tem-> 

perature  is  less  than  "|40°F,  the'useful  heat  delivered *to  the  service  : 

water  heating  system  will  be  less  than  that  indicated. above,  and  the  % 

auxil  iary^^iBg  unit  will*  berrequired'  to  maintain  the>  desired  water 

temperature. -tn  the  hot  water  heater.    ^  the  .summer-time  there  Yrill  be     '  , 

enough  heat  in  the^soVar  Seated  tank  to  supply  the  heat 'necessary  for 

the  service  hot  water'.  ■  ■  v-    <  •  ^- 

■  *     *  *  ** 

r'  "\An  alternate  arrangement  to  supp\y  solar  heat  to  the  service*  water 
heating  subsystem  in  the  summer  period  is  shown  in'  'Figure  10-2.-  Because 
it  is  jie^ired  to  maintain**  the,  temperature  of  thB  water  in  the  storage  tarjk 
above  1 80° FSforAhe,  purpose  of  operating  the  .absorption  cooler,  the  solar 

*  i       •        ■  . 

collection  system  wi'M' not- operate  unless  the  collectors  can'dejiver. 
wa'ter-t'eJriperaffuVef  ^r^at«r^haa,.$aicj90^  to  200° F.    Thus  the  collector 

system  will  not  begin' to  opera'te  until  1  ate. moriiint}  and-  will  -shut  'off 

*  •  '  *  "  "■ 

early  in  the  afternoon.'  "J.he  arrangement'  shown  in  Figure  1(V2  wi,l  1 

'  i  '  *• 

utilize  the*  spl'artol  lectors  for  service*  water 'heating  early  in,  the' 

mo>fring  and'al  so 'late  in  the  afternoon  because  the  ntiximum-seftfice  hot 

•   ■       * '   '  ■ '  •  •,'     *y    *  • 

•water  temperature  required  is  only -about  140°F.    The.  use.  of  the"  connector's. 
'  .     •  •  ,  •    '       ■  •      ,        »      *  j  '  si     »    ■  .  .       *    t  , 

in^th'is  manner  w.ill 'reduce,  the  quantity  6Y  he?rt  withdrawn  from  the  storage 

ta'cik  for  service  wafeer-hea.ti'r>g.  .  Tire  arrangement  wiyll  be*  less"  useful  in  •' 

the  winter  months  because  the  Water  temperature  Nrt^Un  -the  storage  .and 

preheat  tanks  ace 'about  the  same',  .so^that  if  solaV,  heat  is  deliverable  to 

the- preheat  tank,  it.wi.ll  also- be.. deliverable  to  "the  storage  tank. 
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-  Cooling  Subsystem         '  ^ 

The  water  from  *Che  top  of -the  hot  storage  tankjs  pumped  through  the 

/  ^ 

generator  of  the  absorption  chiller  and  is  returned  to  the  bottom  of  the 

*  •  #  * 

stqrage  tank  as  shown,  in  Figure  10-1^  The  three-way  valves  erre  positioned  r 
%%  *  ^ 

•   to  prevent  hot  wa  tej?- pas  sage,  through  the  coils  and  by-passing  the  storage 

'tank.    When  the  temperature  of  "the  water  in  the  storage  tank  is  insuf-  ~ 

'  fici^nt  to  operate  the  chiller  (the  minimum  operating  temperature  in  the  \  ~t 

generator  i $, about'  170°F) ,  the  auxiliary -boiled  is^ftci  to  provide  the  ^  ~ 

heat^to  the  generator^    When  the  auxil  ia^-^tsUer  is  use\i,  thethree-way  ■  \^ 

»- 

valve  directs  the  flQyv  to  by-pass  the  return  'water-around  the  storage 
tank.  f 


*  As  the  circulation  pump  for  hot  water  is  started,  the  circulation 
"^PJ^fcnp  forvthe  cooling  tower  also%tarts.    After  a  period  of  ab$Jt  ten 

minutes  when  the  evaporator  coils -are. cooled,  the  circulation  pump  for: 
*the  chilled  water  storage  is  started.    There  are  two  interconnected  cool 
water  storage,  tank's.    This  arrangement  provides  for  a  measure  of  stratifi-  • 
cation  because  the  temperature  of  water  in  storage»lank  I  will  be  colder  ■ 
than  the  water  temperature  in  storage  tank  II. 

*  When  cool ing.is'  needed  in  thea  bui Iding,  the  coldest  water  from 
%  storage  tank  j  is  "delivered  to^t\}e  cooling  coils  -in  the  duct,  pr  to  the 

fan'^oil  units,  -ancfwarm  watgr  Veti/rhs  to  storage  tank  H.   Jhe  warm 
water  froitf.tartk  ILreturns'to  the  absorption  chiller  to  be  recaoled.  ^ 
When,  tooling"  is  not  required  in  the  building,  the  warm  wa^er  in  j 
"Storage 'tank  II  is  chilled  andstored  in 'tank  I,  and  the  chiller  continues 
"to- operate  until  tank  I  }s5  fully  char.ged' with°cotd" water.  As-cooling 
'  is  needed  in  thetyouse,  -the.'chi-jlled  water  circulation  pump  delivers  the  .  < 

and  returns  warm  water  to  storage  tanfe  II.  . 


cold  water,  to  t^e  «cooli^g 


coils 


-   •  .      Thts  eirculat'ioh  wv/1  continue 


as  long  as  cooling  is  required  and  there' 

.  265  '  ' 


• .  ■  #-  '    .     ■  •  . 

'  *\   iQ-n  .        *  / 

*  / 

is  sufficient  cool  water  in  storage,.    When  tte  cool  water  in  storage 
/  tank  I  reaches  a  pre-set?  level  ■  (approximately  oneTthird  full)  the 

absorption  chiller  will  restart  and  deliver  cold  water  to  storage  £gmk  I 
,  and'' to  the  load  and  continued  .operate  until  storage  tank  I  has  been  recharged. 
»    In  the  cooling  system  arrangement,  the  absorption  chiller  will 
►  ^   operate  continuously  over  longer-^riods  of  time  after  starting,  which 

is  beneficial' to  the  overall  coefficient  of  performance  (COP)  of  the 

system.  Intermittent  cycling  of  flhe  absorption  chiller  may  reduce  the 
^  effective  COP  from  0.7  to,  say,  0.3  because  heat  is  wasted  during  each 
' .   start  and  stop  cycle.  w  € 

An  alternative  arrangement  of  a  cooling  subsystem  is  shown  in' 

*"  * 

F.fgure- 10-3,  where  two  cooling  coi-ls  are  used  and  the  cold  water-  in 

storage  can  be  used  simultaneously  with  cold  water  from  the  absorption 

•  / 

chiller  to  meet  a  heavy'peak  cooling  load.    When  cold  storage  taqk  I  «/ 


has  been  charged  with  cold  .water,  and  the  heat  removal  ra>te  from  room  , 

air  is  not  sufficient  by  either  the  chiller  or  circulation  of  the  sWred  \ 

;  ■  ■    *  .  <         /  -sf* 

m  cold  water  alone  to  maiptairi  contort  conditions,  the  cooling  capability  cv 


/ 


of  both  the  absofptjon  chiller  ^aiid  cold-storage  can  be  combined.  /The 

arrangement  shown,  while  potentially,  useful    has  pot  been  tested/ and 

♦  / 

performance  data,  are*  not  available  to  indicate, the  advantages,  arid 

*  $ 

»  .  * 

*    '  ,  operating- difficultly  of  the  System.  1 

The-heat  delivery  rate  to  a  nominal  3-ton  absorption  chil/ler  with  a 

COP  of*abdut0.7  is  51,400  Btu/hr^ (36,000  :  0.7>7\  If  the  difference  in 

.-.     '  1    •  '  ,. 

water  temperature  between  the,e'ntrance^and  exit  to  the  generator^ i.s  10°F, 

'  yy  * 

■  "       the  flow  rate  through  the  generator  must  be  about  10  gpm.    The4heatc        *  ■ 

-  '  f  \      *  / 

*        >        •  #  *  *  *  / 

removal  rate  from  the. absorption  chi^ier  required  is  87,400  Btu/hr 

.'*■'.  »  i 

(51  ,400  Btb/h'r'from  the  generator  plus  36,000  Btu'/hr  at  the  evaporator). 
If  the_cdtJling  water1  from  the  tower  i s "a t<-a  , -temperature-  near  75°F,  a*id 

O  . 
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•  Figure  1Q-3.    Alternative-  Cool ing  Subsystem  with  Two  Cooling  foils 


the  water  temperature  is' del  i vepe<t  at  about  90°F,  the  circulation  rate  to 
the  cooling  tower  should  be  at/out  12  gpm.    Assume  that  the  hot  storage 
tank  contains  water  at  210°F  aWi  the  system  will  operate  until  the  tem- 
perature drops  to  10D°.F;  then  there  is  enough  heat  in  1000  gallons  of 
water,  storage  to  operate  the  chiller  for  about  five  hours. 

The  quantity  of  water  in^cool  storage  should  be  sufficient  to  pre- 
vent frequent  cycling  of  the  chiller,,.   -If  two  250-gallon  cold  storage 
tanks  are  used,  abojut  2.5  hours  of_conti nuous  operation  of  the  cMller 
is  needed  to.chilVthe  water  in  cold  storage  from  about  6.5°F  to  45°F. 
With  chilled  water  storage,-  solar  collectors  'to  operate  the  system  during 
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0 

the  day  and  1000.  gallons  of  hot  water  storage,  the  cooling  system  can. 
operate  continuously  from  mid-morning  until  late  evening  hours. 

if  * 

y 

\  INSTALLATION  CONSIDERATIONS 

The. heating  and  cooling  system  should  be  assembled  so  as  to  minimize** 
.  -  piping  \engths  from  the  storage  tank  to  the  heating  coil,  storage  tank  to 
the* service  water  heating  subs^tem,  and  from  the  storage  tank  to  the 
'  absorption  chiller.    §Re  shorter  the^pipe  lengths,  the  less  will  b^the 

heat  losses  and  pumping  head.  *To  minimise  operating  costs,  the/pump 
*  'heads,  hence  power  requirements,  should  be  as  small  as  possible. 

The  , pipes  should  befell -insulated  to  minimize  heat  looses  and  heat 
gains  and  the  hot  and  cold  storage  tank  should  also  be  wel/1 -Insulated. 
Despite  well  .-insulated '  surfaces,  there  vwilTbe  heat  flow^lnto  the  build- 
ing enclosure  from  the<  solar  equipment,  during  the  heating  season,  the 

heat  losses  from /the  equipment  will  be  distributed  into  the  building, 

/  ' 

but  during  the  ^eating  season  the  heat  losses  will  add  to  the  cooling  * 
-   load.  \lt      recommended  therefore  that  the  solar  equipment  be  assembled 
in  a  single  room  which  can  be  vented  outdoors  during  the  cooling  season 
and  indobrs,-durirfg'the  heating  season.  - 

Equipment  such  as  pumps  and  valves  which  require  maintenance  should 
be  located  so  that,  they  are  easily  accessible.    The  absorption  chiller 
will  require  at  least  annual  maintenance  and  should  be  located  with 
sufficient" room"  around  the  unit  to.  facilitate,  maintenance. 

Centrifugal  pumps  are  recommended  in  the  heating  and  cooling  system 
because"  they  are.pressure-1  imite\d.    Should  the  automatic  valves  become 
inoperative!  or  lines  become  clogged  for  some  reason,  the  pressure 
created  by  the  pump  will  not  be  excessive  so  as  to  rupture  the  pipe sf 
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The  pumps  shoul'd  be  located  to  cause  self-priftring  and  with  sufficient 
head  at  the  suction  sidfe  to  prevent  vapor  locking  in  the  pump  chamber.  * 

Care' should  be  exercised  during  assembly  of  pipes joints,  and 
valves  and  leak  tests  should  be  performed  before  insulation  is  applied. 
With  reasonable  care  durin^assembly,  much  time  arrd  cost  can  be  avoided 
in  repairing  .leaks*  <,  t 


SOLAR  HEATING  AND  EVAPORATIVE  COOLING  SYSTEf^'4 

A  scalar  air  heating  system  with  rock  bed  storage  and  an  evaporative, 
cooling  unit  is  described  in  this  section.    Although  Jieat  can  be  stored 
in  materials  other  than  rocks,  pebble-bed  storage  is  preferred  because 
rocks  &fe* inexpensive  and  readily  available.    The  rock  bed  uSed  for  heat 
storage  js  also  ii?e3v-jfc^cool  storage. 

SYSTEM  COMPONENTS  , 

A  schematic  diag^m  of  an  anr  heating  and  nocturnalcto^ling  system 
is  shown  in  figure  10-4.    The  cooling  subsystem  does  not  depend  upon 
solar  energy ^  but  utilizes  the  rock  bed  for' storage  of  cooling  capability 
during  the  mght. 

As  with  the  liquid  heating  solar  system  with  absorption  cooling,*  - 
the  collectors^and  storage  volume  are  size'd  to  meet  the  heating  "needs. 

V 

A  rock  bed  storage  unit  will  normally  be  sized  for  50' to  100  pounds  ' 
(0.5  to  1.0  cubic  foot)  of  rosk  for  each  square  foot*-of  collector,,  and** 
constructed  with  sufficient  depth  to  assure  thermal -stratification. 

The  direction  of  air  flow  through  a  rock  bed  is  normally  vertical  . 
for  best  operation.    During  the  heat  storacje  cycle,  heated  air  is  usually  * 
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Figure  10-4.  "schematic -of  an  A^r  Heating  System  with  Evaporative  pooling 
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delivered  to"  the  top  of  the  gravelled,  and  discharged  at  the  bottom.  •  \^ 

Irva  distance  of  two  to  three  feet  in  the  direction  o'f  air  travel,  all 

of  the*heat  in  the  air  i ^transferred  to  the  rocks.    To  provide  for 

adequate  heat  storage  during  the  day,  the  depthr  of  the  rock  bed  should 

be  about  five  to  six  feet^  0        *    ,  *  ■  *  , 

'A  singte  blower  in  the  systenTshown  in  Figure- 10-4  is'used  both  to 
heat  pind/cool  the  building,*  To  enable  service  water  heating' during  the 
summer  months,  a  second  blower  'is  needed  to  circulate  hot  air  through 
the  collectors  and  the  air^water  hecit*  exchanger. 

'The"  auxil  iary  heater^an  the.  system  is  used  to  supplement  the  solar 

v     ■  .  •     .  -    •  "  •  ■         '     -  .  -  * 

heat  or  to  carry  the.full  load  when  solar  heat  is  not  available.  The 
humidifier  is  used-during  the  heating  season  to.  condition  -the  air  *• 
delivered  to  the  rooms. 

OPERATING  CHARACTERISTICS  ,    .     .  \ 

Callection  Subsystem        j  ,  - 

'   1    Tbe°so1ar  collectors  heat  the  air  circulated  by  aNblower  and  th§_ 

hot  air  is  forcedsthrough  th^  pebblerbed,  usually  from  the  top  toward 

-.  .  '  '  *  •  • 

the. fctot torn/"  As  the  hot  air'pas^es  .through  #t|ie  pebble-bed,  the  heat 

is  given  up  to  the  roqks  aTid  the  air  exits  from  storage  at  room  tempera- 

*  ture.  '  The  bottom'of  storage  is«nevjer  Tess^than  room. temperature  because  ,  ^ 

'"during  the  hea.t  delivery  cycle,  the  room  air^fows  f rom^  the  bottom  * 

toward*the~  top  .    The  cooT  air  returns  to  the  collector  to  be  reheated* 

\  -  ' 

With  an  air  flow  rate  of  2  cfm  per^square  foot  of  collector,  therair  fc 
temperature  rise  will  ^be'4.'5  to  5.0"°F'for  each  foot  of  travel  through  • 
the  collector.    Thus  with  a  16  foot  length  of  air  travel  through  the 
collector,  the1  temperature  rise  is  70°  to,80°F.    The  quantity  1>f  h,eat 


mc     ...»  _     2  < 


stored  in  a  pebble-bed  is  about 'tyro-thirds-  of  full  capacity  because  of 
the  stratification.    With  20  tons  of  rock, .and  70°F!  temperature  rise, 
about  375 ,t)00  Btu  is  stored.    Fully  charged,,  about  560,000  Btu  can"  be  * 
stored  in  20  tons  of  r^k.  '  *  ;    '  A 


Heating  Subsystem  nt  *  &        .  % 

An  air  heating  solar  system  can  be  arranged  to  hfeaftthe  rooms 

directly  from  the  collectors  without  passing  through 'storage.    To  heat 

the*  rooms  from  storage,'. the  air  flows  from  the  cold  toward \the  hot  end 

*  • 

'and  the  hottest  air  available  from  storage  i>  delivered  to  the  rooms; 
When  the  heat  in  storage  is ' insufficient  to  maintain  comfort  cop^itions 
in  the  buiVding,  the,  auxiliary  heater  adds  to  the  solar  he^t.  Because 
the  room  air  is,  always'circulat^^hr6ugh  storage,  al  1  the  available 

•heat-in  the  storage  i£t  is  utilized.  '  s 

Service  Water  Heating  Subsystem^*       4  * 

The  service  water  is  preheated  by  solar  hea*ted  air  through  an"  •  , 
air-to-water  heat  exchanger  placed  in  the  hot  air  duct  from  the  collec-  _ 
tors.  '  The  pump  which  circuTates  the  water  is^  controlled  by  a  differential 
ttfermdstat,    When^  the  air  temperature  from  the  collector  is  greater  than, 
%  water  temperature  by,  say,  20°F,  water  i^  circulated  through  the  - 
.heat  exchanger  and  heat  is  extracted  from  the  air  and, transferred  to  the 
water.    If  the  water  temperature  reaches  about  140°F,  or  the  air  tempera^ 
ture  is-  less-  than *5°F  warmer  than  the  water-temperature,  the*  pump,  is 

:  m    ■  ;        .  -     .  \ 

stopped.  •        ...  « 

'.    With  a  water  circulation  rate  of  1.  gpm,  .and  temperature  rise  6f,J0°F 
.  >n  the  water,  the  rate  of  heat  extraction"  from  the  air.,  is  about   "5,000  * 
Btu/hr.    Thus,  when  the  solar  collector  is  delivering  70,500  Btu/hr,  the 
heat  flow  rate  remaining  in  the  air  is  65,500  Btu/hr.  \  ■< 


*  V  ' 
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Cooling  Subsystem      -  ,  *        1  •  \  , 

~  *  v*  *  *  ... 

The  efaporator-cooler  in  thve  system  of  Figure  10^4  i s  used  to  cool-' 

.  "    .         ';  »  "  * 

-  the  rock  bed  storage  during  cool  night-trime.  hoyrs .    During  the  day  when 

-.cooling  is.  required  in  the  buil'ding,,  the  room  air  is  drawn  through  iM 

-  cctol  storage  bed*and  the  cooled  air  is  distributed  back  to  theVooms.  - 
.  if  the  r&ck  bed  can  be  cooled"  to  55°F  during  the  night,  and  the 

'   -  '      *  M~  *  '  '  -  : 

,  .  m      buildingaair  i^-to  be  mainfaihed  at'7b*F  durirtg  t#e  d5y,  the  cooking 

-  rate  provided  withal  200  >cfm  Nair  circulation  rate  is  .about  25,000  Btu/hr,  , 
or  2. V  tons:    The  cooling  capacity  stored  in  $he  rock  b£d'  with  20  tone 
of  rock*  is  about  1 10,000'  Bti/*  At  a  cooling  rate  of  2.1  tons,  there  are* 

;  "\^9     about;  4.5  hours  of  coqling  capability  from  .the  cool  peb'ble-bedl 

•    ;  ,    ■  '  , .  .       *  '       *    >.  .  •  •  •  "  '  — 

The  evapo$?tor  cooler  is  sized;by  the  air-flow  ratp,  and  "temperature 
/         ***  »  -, 

•  1      of  the  •cooled  aif  depends  upan  the-  Outdoor  dry- and  wet-bulb  air  tempera-V  v 
"csT  *tures.    With  low  hwriidity  of*the  outdoor  air,  the  evaporator  cooler  can' 
*  be  used- during -the  ctey.to  cool  the  room  air.    Tne  cooled  air' temperature,  . 
'  hdwever,  .will .not.be  as        as  at /light.         ,  ' 


*,    INjT^ATIO^  CONSIDERATIONS  #'  '  * 

^  The  air  heating  system  wftl  Accupy^thr^e  times  as  much  floor  space 

as  a  liquid  heating  andy;ooling  system  and  requires  care/ul  planning  to 

:     'v  ^  .A"  -    •*  '?        \>    '         .  *    ■     '  V 

.c.  '*     miriimfze  wasted'floor  space.    The  dampens  .and  bloWers  can  be  ^ranged 

ip  a  compact  air  handler  unit  and  the  ducts/to  tfcie*  collectors,  storage, 

r   .   and  the  rooms  connected"  to  appropriate  ports  in  the  air  handler.-  , 

•  -    '** f  w  ^  r  m  ' 

*     *  ^  Cafe  should  M.exertised  fn  assembling  the  stoj^a^e  unit^and  the 
.  ducts  t&  prev^rtt  air-  >ecikage.    The  joints  In; the  storage  tox  should  be 

'  ' "-:  '        /.'•'»       - '  -    ■  1 

auJ*ed  and. the  duct  .joints  should  tfe  taped  or  Bard4casted.    Ai r  .leakage 


^Tfom^ducts  wvthin  the  contli wooed  space  is  not  lost,  but  constitutes** 
"  "  #^^u^egB3^ted  heating^and  t-s  therefore*  was ?efu^l\ 
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»  » 

•     •  -         .     -  v  .'.•«.'■*.'. 

The  blower  should  be  arranged  so  that  the  air  pressure  through  fhe 

»  '  *  t 

collector  is  subatmospheric.    Any  ajr  l^eak  in  the  collector  array  will 


cause  cold  air  to  be -drawn  into  the  collectors,  whic^WaJd  be  mixed 
with  the  heated  air*  %A  quantity  of  atr.-equal  to  the  in f Vow  leak  will 


t  r  * 


be  discharged  outside  'from  the  conditioned  space.  \  If  the  air  through 
the  collector  isiinder  (jr*essure  and1  there  is  a  T&ak  in'  the*  collects r 
$  array,'  hot  air  woul-d  be  discharged  and 'cool  air  woul3  be  drawn  into  the 
/•  *  ds^Kditioned  space.    While  the  quantity  of r air  leakage  may  be  the  same 

in  both  cases,  the  quantity  of  heat  lost  is  greater -for -the  latter 

y  m 

because  hot  air,  at  say  140°F,  is  wasted  from  the  system.    In  the  former 

,  &  -  .  . 

.arrangement,  room  air  at  70-°F  is  wasted  to  the  outdoors .    While  no'leak^ 

%  is  durable,  the  former  arrangement  losses  fes'S  heat  f rom-  the  system  than, 
the  latter.       *~  '    .  *  *  "%       \  *       •  '  .  , 

The  duct  leading  to  the-  evdporati v$  cooler  and  discharging  outdoors  . 
should  ^'positively  closed  during  the  heating  season,    All  ,ai>  dampers  ^ 
leak  some  amount  and  cold  air  drawn  into  jbhe  system  through  the  cooling 
ducts  wit  1  reduce  the  air  temperature  ip  the  system.    Likewise:, -a  slide' 
•  -damper4  should  be  inserted-  \n  the  by-pass  duct'  and  for  summer-time- serv.ice 
^mt§J\  heating.  ; ,  >■'     '  ., 
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INTRODUCTION 

#  ':         '  •  i 

The  only  adjustable  cont/Ql  for  £he  solar  heating  and  cooling  system- 

f  «  '  '  • 

i\        by  the  building^  occupant  iSythe  thermostat  ih  the  "building.    However,  there 

are  many  important  controls  fn  solar  systems  that  automatically* con troj  the 

pumps  and  .blotters ;  valves  dpd  dampers,  and  the  auxiliary  heaters  to  collect 
f*  '  * 

arfd  deliver  the  heat  A  The  operation  and  installation' principles  of  the 


"various  sensors  ngeded  for^control  'are  dis^ussedin  this  modti^fc, 

'.  *•     '•'        "OBJECTIVE      ,  ' 

j_  The  qbjettive  ol^he  trainee  is  to 'understand  the  function,  -mechanics,  < 
r,3^d  installation  of  control 'systems.  fc  aV  the^end  of  this  module  the 
^atnee -should  be  able  to:  -  ,  •>  . 

^1/     Identify  Control  functions,    '        -  • 
:  >  ,2.      Describe  -and  diagram  a  control  method, 

'    -    -  •  .  r  * 

3.  .  Recognize  control  methods  an$J  hardware, 
'*4..     Specify' contr^components ,    . ,  ^* 


5* .    -Ins'tal  1 '  apd  'maintain'  control .  sy-stejns' 
$  4  1 


9  > 

s 


C0NTROU  F^TtI0N5 

BASIC  CONTROL  STRATEGY 


*   '  .  The  ba^iq  .function  of  the  controller  in  a**solar  system  is  to  collet*--.* ' 

*     a^  much  useful  heat  as  possible  andJLo  deliver  it  when  required  to  meet  * 

-1  *~the  demands  of  the  .building.    The  overall  eff  iciertcy  of  ■  the  total -system  ' 

;  <*    <  "  can 'be  strongly  influenced  by  the  controller.  .    «  ,  *  i1 

%A  block  diagram  of  a  controller ".fs  shown  "in'' Figure  '1T^    Thfe  three 

<  *•  bisMc  components  erf  .the  controller 'are  the  sensbr  subsystem,  the  comparator  . 
i  *'  . .  \    \  '  V  ,  « 

••••        '  ••  .  •'  •,•••'278,.  .  "  ■  •' 


Sensor-. 
Subsystem 

* 

'Comparator 
Subsystem 

f  1 

Output 
Devices 

.  >         ,  Figure  11-1.    Block/Diagram  Representation  of  a  &rit;rcfi 

5  *  *  V      *  «  »  <* 

^subsystem,  and  the  output  subsystem.  The  function  o'f  .the  senior  subsystem' 
'is  to  measure  temperatures  and  send  th'is  information  to'th'e  comparator 

•  m  »  *       *  *  ! 

subsystem.    Tjie  compaVator  subsystem  makesHhe*  decisions  regarding  the 
control  of  output  devices,,  such' as  the  turning  on  and  off  of*  blowers  and' 
pumps  and  the  opening  and  cl^inchof  valves  and  dampens.-  <a 

:  -         /      \J  y.      '    V  V '        '  ' 

At  the  present  tinte  most  commercially  available'-control  systems  are  * 

* 

of  the  "on-off "  'type.    That  is,  a  pump  or  .blower-  is  either  <pff 'of  on  aj, 

A  *  •  -         ;  .s,  .    ;  ( 

fuvl  capacity.    The  decision  to*  turn  the.  device,  on  or  off  is  based  on 
temperature  differences.    For  example,  consider  the  |3chematjc 'representa- 
tion of. a  solar  system  (hydronic'type)  -s'h'owKj n-  Figare  Ti-2.'  The' tempera- 
ture. sensors  are  incTicated  by  Sl>  S2,  S3,  anrd  S4-;  .sVmeasu?e£  the  * 
temperature  of  the  fluid  at  the.  c*ol  lector  (or' the  temperature  of  t^e  .  '  . 
absqrber.  pfate,  depending  ofi  the^'  type  of  ^  mooting),  S?  measure^  _the 
tempefature  of  the  water  ir^  storage,  S3  Measures  the- room,  temperature 

in  the  building *(therecou]\d  .be  several  room  temperature  sensors),  and  ] 

*  *  \  *  *  "       •  y   •  * 

•S4  measures  th6  temperature \of  the- water  inetH£  pfeheat  tank  for, service  « 

hot  water.    We  Vh'all  consider  how  SI  and      are  typic'al-ly  used  in  an  , 

•"on-Off"  controller  tc  cpntrql  the  collect6r  pumps,  shown  as  Piiijip*  Number  1 


and  Pump*  Number  2  in  Fi'gore  11-2.    Suppose  that  the  temperature  variation 
throughout  a  tjipical  day*  is      sfiown  in.Ticfure  11—3*    The  soJid  4urve,  * 

>'.'.,  ■      .     *\  •  ^» 

shows  the  storage  .temperature  as-- -sensed  by/S2.~"As  ill.Ds.trated  in  Fi.gtrre  , 

•  ,       **  *  -  •  • 

the  collector  temperature  .will  begin  to  rise  in  $he.  mornwig-and 
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» 

will  exceed* the  storage  temperature  at  some' point.    When  the  collector 

temperature  ^xcee'ds  the  storage  temperature  by  some  preset  amount,  &Tq^,  < 
typically  about  20°F,  the  c|l lector/storage  pumps  will  be  turned  on  by 

"the  controller.    This  is  indicated  by  point  1  vri  Figure  11-3.    This  will 
cause  a  si/rge  of  cooler  fluid'  to  circulate  through  the  collectors; 

..thereby  lowering  the  collector  temperature,'  as  shown  in  the  figure.  If, 
the  decrease  in  collector  tempe^atuj^^s  great  enough  to  cause  the 
difference  .between  fhfe  collector  and  forage  temperatures  to  drop  below, 
another  preset  value,  &T0Fpf  typically  aWt'3°F,  the  collector/stprage 
pumps  will' be  "turned  off,  as  indicated  by  point' 2  in  the  figure.  The 
tempera tu/e  of  the  collector  wtl  1  -agai n  increase  rather  rapidly  to  poi'nt 
at  which  time  the,  collec'tor/storage,'pump,s  will  again  be -turned  on. 

.The  amojjnt  of  cycling  of  this  type  should  be  minimized  ij>  6  r  d  e  r~t£> '  redtltF 
wear  on  the  pumps:,  pump  motors,  and  reta'y  contacts. (1f  relays,  are  used). 
If  there  is  sufficient  solar  insolation,"  the  collector  temperature  wit>  . 

\  .  > 

•continue  to  increase  as  illustrated .in  the  figure,and  the  pumps  will 
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remain*  on  until  late  in  the  afternoon.    "When  the  temperature* differen- 
tial  has  decreased  again  to'ATQpp,  .the  collector/storage  pumps  will  be 
•turned  off.    Thjs  is  represented  by  point  4  on  ^he  figure.  vThis  will 
cause*  the  collector  temperature*  to  again  increase  due"  to  the  Uno-flow,"" 
condition,  %  If  t^e  temperature  differential  reaches  aTqn,  the  pumps  wilT 

'aglin  be  turned'on  (point  5  in  the  figure). n  This.will  lead  to  cooling 

♦of  the  collectors  (point  6).    The  collector  temperature  will  start  to  * 
but  if  the  increase  is  not  large  enough /the  pumps  will  remain  off."  * 

The  sensors  that  are  used  in  the  sensor  subsystem  are  typically 
thermistors,  thermocouples,  or  transistors.  Jhe  sensors  that  are  pro-, 
vided  with  the  controller  should  be  used,since  the  controller  is  usually 
calibrated  particular  sensor.    This  is  particularly  true  if 

thermistprs  are  used,  since  the  voltage  output  of  the  thermistor  is  a 
nonlinear  function  of  temperature-.    Typical  circuitry  for  a  single 

•function  differential  thermostat  (controller)  is  shown  in  Figure  lf-4 

.[see  reference]. 

9  %  * 
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Hysteresis 


Collector 
Sensor  • 

Storage. 
Sfensor 


Output 
'Device  . 

^  Figure  11-4.   Jypica'l  feircurtry  for 'a  Differential  Thermostat. 


.  The  Jiysteresjs *rs  represented  .pictoMally  in  Ficjur.e'11-5  and  is 
XSalized  physically  by  the*  feedbactf,resi  stance  sjiown  in  'Figure*  11-4. 


AT0ff         AT0n  Temperature 
,  \  -  -  .  -    .  Difference 

Fi'gufe  11 -5  ^   Pictorial -Representation  of  Hysteresis'in 
'the  Differential  Thermostat 

As  shown  in, Figure  1 1 -5;  4as  the  temperature  difference  increases  -and 
eventually  reaches  the  value  of  aT^,  the  signal  to  the^output  device  is 
such  that  the  device  is  turned  oh.'  If  t'h^tempe'rature  difference  ■  • 
decreases  to  the  point  where  it  is  equal  to  «ATgpp>  the-  OFF  signal  will  « 
be,*  sent. to  the  output  device.     f     ,      ■  .  . 


Ratio  of-Temperature  Difference     .  ; 

'.'   If  the' temperature  sensor  for  'the  collector  is  located- where  the 
s'Crtisor-is  rapidly  cooled  by  the  transport  fluid,  the  result  can  be. that 
the  collector  pumps  will  cycle  on' and  off  repeatedly.    This  cycling  cans 
also  occur  if  the  difference  between  the  temperature  to  start  and  to  * 
.stop  the  system  fs  not  properly  selected.    The  ratio  between  the  on  to 
off  temperature  differences  should  be  approximately  five  to. seven,.  In 
'the  example  given  in  the  preceding1  paragraphs,  the  starting  temperature 
difference  was.'^)0F  and  the. stopping  temperature  difference  was  3°F.  s 
The  ratio  is  Slightly  less  than  seven.    A  larger  value  for  this^ ratio 

»  \ 

wjll  reduce  -  the  ttotal  -energy  collected  by  the  system,  whi-le  a  value 
smaller  than- five  could  cause  cycling. 


( -Freezing  Protection       \  ^ 

'  -Some  controllers. are  designed  to  incorporate  an  aquastat  to  compare 

the  temperature  of  the  transport  medium  with  some  preset  temperature  - 
v  '       '         "      '  284 


-sych  jas.  the  freezing. temperature  of  water.  *If  the  temperature  .of-tfoe 

fluid  in  trie  collector  approaches  t'his  preset  temperature-,  4the#  pumps  are  • 

«  .  & ' 

automatically  started  te  circulate' the  fluid*or  to,  heat  the  "fluid  from  - 

storage  in  order  to  prevent,  freezing.    This  is  not  a  recommended  protect?1 

tion 'measure  agaijnst  freezing, , because  if  there  is  a'  power  failure  .during 

cold  weather,  the  puinps  will  npt  .operate  and  the  collectors'  can  frQeza^. 

It  isk preferred  to  use  an  antifreeze  solution. in -the  collector  loopY 

Two-Speed  Pump    .  '•'  ;  ^ 

'  '    "  V  •  •  ■ 

A  two-speed  pump  may  be  considered  as  a  ^possible*  way  to  regulate 
the  temperature  rise  in  the  collector  to  improve  collection  efficiency. 
By  changing  to  .a  slower  flow  rate  during  periods  of  low  scrta^  insolation*, 
the  system  will  collect  heat  at  useful  temperatures,  whereas  with,  a- h\gh 
flow  rate,  the  temperature  of  the  fluid  a t* theVcol lector  outlet  would  be 
low  and  the  control  would  stop  the  collector  pump.  ■  When  the, solar  radia- 
tion intensity  is  high,  the  flow  rate  can  be  increased.*   The  fluid  tempera- 
ture  would  be  reduced  because  of  greater  flow,  and  the  collector, will  ^ 
opSicatg  more  efficiently. 

• 

% 

INSTALIATION  OF  CONfROL  SYSTEM  HARDWARE 

»  r 

The  solar  system  controls  donsist  of  power  relays  which  switch  elec-*> 

.  3  .    *    v-  . 

trie  valves  and  purtpsia  the  >iquid  system,'  or  blowers  and  dampers  in  the 
*  ftt^ 

air  system,  and  auxiliary  heating  uni ts'  f n*  both  system's,  in  response  to 

*   •  •  •  - 

temperatures\r  temperature  differences/    Controls  for  solar  systems, 
fundamentally  s^rve  the  same  functions"  as  in  conventional  HVAC  systems;  . 
however,  there  am  more  control  functions  i-n  solar*  systems  and.alstf** 

•  \  -*      \  ( •    *     •  ■  - 

there  are  "interlocks"  which  prevent  undesirable  or  hazardous  sequences 

•  * 

of  operation,  t  , 
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A*so1ar  system  supplier  should  pnovide  the  required  control'  hard-^, 
ware,  or  at -least  specify  y;/ along  with^Kfrflcit  wiring  instructions.  • ; 

Building  a  control  system  at  the  Site  shpuVd  be  avoided  unless  pxpe^ence 

-  •   V    i   ■  r 
in  this  practice  is  available.  *  s 


THERMOSTAT  ;        _*  * -  '         .  .,..*«. 

-    A  two-statje  heat,,  indoor  'thermostat  is  recommended  for  residential' 
solar  heating  systems;  and  a  two-stage  heat,  one-stage  cooT  type  is', 
r^onmj^nded'for  solar  heating  and  cooling  systems;    Variations  will  *  , 
feature  Aft",  "off",  or  "automatic"  fan  control  to  circulate  the  room 


air,' and  "heat",  "cool11,  or  "automatic"  switches  from  heating  to*  cooling 
of  vioe-versa  to  m^Jfet  the  rfeed.  ,  / 

&   '  /* 

When  cooling  is  required,  the  sir>£le-stage  cooTincj  provides  indoor 
space  temperature  control.    There  is  a  deadband,  which Js  a  small  range^ 
in -temperature  between  start  *4ncf  stop^signa^s  given  to  the  controlHr^ 
which  in  turn  controls  the  cooling  system.    The  deadbjjjd  for  most  thermo- 
stats is  about  5°F.    The^eating  operation  is  a -bit  more  complex.  Upon, 
demand  for  heat,  tha  first,  stage  calls  for  the  solar  system  to  provider 
heaW   If  the  building  heat  loss  is  greater  than  the  solar  system  can 
provide,  the  temperature  in  the.  building  will  continue  to  drop  to  stage 
two  and  th£  auxiliary  system  will^bfe  called  jjpon  to^vide  heat;  The 
auxiliary  system  cafrprbvide  sufficient  heat  for  the  building  by  itself 
or.  irf  combination  with  the  s6lar  system  to  raise  the  temperature  ih  the 
room  to*the  upper  temperature  limit  K)f  'stage  one, -which  stops  the  heating 
"  system .    The  upperr,teniperature  deadband  is  nominally  about  2*F. 

The'thermostai  is  thevonly  control  with  which  th^ocdupant  needs 

x        •        r    •         '•  v  ,.• 

-to  be  concerned".    Once  the  occupant  sets  the  winter  comforj  control  . 

leve-1  to,  say,  68°F^an*d  the  summer  comfort  level  to^sa^r^F  (or  other 
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suitable  Jemperatures),  no  further  adjustment  or 4 temperature  selection 
is  neede,dfor  any  other  control  in  the*  heating  ^ind/Qr  cooling  system.  ; 
'¥      The*  thermostat  shoulc^be  installed  following  standard  HnstaUa ti on 
procedures.  .Instructions  are  normally  supplied  with  the  thermostat*.,  Obvioys- 
ly >  the  thermostat  shouVd'be  located  at  a  position  such  that  the  temperature 
at  its  point  of  locatipn  is  representative  of  thfe  average  temperature 

3  —*  —     *  A. 


within' the  enclosure.  ' 


t 


TEMPERATURE-SE-NSORS.  . 

0^Ther$  are  many  types  of 'temperature  sensors  that  can  be  used  in  the  ' 

control  subsystem, such  as  thermocouples,  thermistors,  silicon  transistors, 

bimetal  1  ic  .elements,  and  liquid  or  vapor  expansion  units.    Liquid  or 

vapor  expansion,  un^ts  are  seldom  used  because  other  temperature  sensors 

* 

are  more  durable^  and  dependable.    Thermocouples  are  frequently  used  for 
temperarture  measurement.    However,  they  are  not  often  used  in  contrpls  * 
because  the  voltage  outpu Ws'  low/  in  the  millivolt  range,  and  without  \ 


amplification  the  voltage  is  insufficient  to  be  used  in  controls. 

Thermistors  and  silicon  transistors  are  used  in  the  control  subsystem 
because  the*  voltage  outputs -from  these  sensors  are  in  the  0  -  10  volt 
range  and  are  high  enough  to  serve  thfe  'control  functions.    The  voltage 
outputs  from  thermistors  are  nonlinear,  and  calibration  circuitry  must 
be  provided  for  the  -nonl  iaeari  ty .    The  Y°]^|e  outputs  ;from  silicon 
transistors  are  linear  irt  jthg^jiormal  operating  temperature  range  of  solar 
heating  and  cooling  systems,  and  provide  for* simpler  circuitry  to  control 
the  system.    A  Schematic  diaigVam  oftKe  silicfn  transistor  temperature 
feasor  is"  shown  in  Figure  11-6.  •  '  , 
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Figure  11-6.    Silicon  Transistor  Circuit 
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Location 


The' locations  Qf  temperature  sensors  are  not  particularly  critical, 
but  «there  are  some  preferred  'locations .  .Temperature  sensoVs  are  required 
to  measure  the  air  or  1  iraui d  temperature  as  it  exits  from  the;  collector, 


in  t>ie  solar  storage  barik,  or,  rock  bed,  and  in  the  prejieat^ 'water  tank 


The  sensor  in  the  conditioned  space  is  the  thermostat.  jg.*  x 

The  sepsctf  which  pleasures  the  fluid  temperature  at  the  collector 
*  outlet  can  be  located  jn  the  manifold  which  collects  the  fluid  from  the 
total -array  of  collectors.  Jt  is  preferred,,  that  tile-  sensor  be  in  contact 
With, the  fluid,  but  i|  is  acceptable  for  the  sensor  to  be  in  contact  with% 
the  pipe,  provided  thfere  is  good  thermal  contact  of  the  sensor  with  the 
pipe.    If'  the  sensor  fi-s  attached  to  the  outside  of  the  <xut]et  pipe,  the 
nsor  shou-ld  be  well  insulated  so  that  it  does  not  lose  the  heat  to  the 
surroundings  and  register  a  lov  temperature.    It  is  important  to  locate 


2S8- 
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•  -    .  / 

4  .  #  ♦ 

the  sensor  near  the  outlet  so  that  it  can  register  the  fluid  tempera- 
ture wft~en  the  sun  is  heating  the  collector  but  the  fluid  -is  not  circu- 
'latjng.    Sensors  in  the'outlet  manffold  will  register  the 'increase  in 
temperature, but\the  sensor  located  far  from  the  manifold  will  not,  and 

useful  energy  cannot  then  be 'collected.    Wherever  the  sensor  is  located, 

'  *  *' 

the  characteristics  should  be  checked  out  when  the  system  is* put  into 

*>    <  , 
operation.  '  /  » 

4  *     The  sensor  'in  the  storage  tank  should  be  located  near  the  bottom 

,  'third  inside  the  tank.    When  there,  is  no  fluid  circulation ,  M)e 

1  .    ;4  >  m 

temperature  at  the  top  of  the  tank  will  be  slightly  higher  than  thje 

bo t torn ,\' but  while. the  fluid  is  in  circulation,  the  fluid' in  the  tank 
-'is  usually  well  mixed  and  the  temperature  will  be  un-iform. 

Thelocation  of  th$  sensor  in  the  preheat  tank  should  be  near  the 

top  one-tfiird  of  the  tank.    If  it  were  located  near  the  bottom,  the 
%  temperature  at  the,  top  could  be  several  degrees  hotter.    Also,  when 

hot  water'is  used  in  the  household,  cold'V/ater  enters  the  preheat  tank 

near  the  bottom,  -While  the  preheat  tank  would \e  thermal ly  mixed  when 

\ 

'the  pump  is  smarted,  fre'quent  cycling  could  result  from  the  sensor 
registering  loyally  cold  water  temperature.    For  an  air  System,  tjje 
cycling,  is  not  particularly  harmful  because  enly  one  pump^or  the' 


prehpat  cycle  is\invo1ved.    However,  for  the  hydronic  system,  two 

\     4    • ,  i 

pumps  will -be  put  into  operation,  and  frequent  cycling  can  be  wasteful 

•  \ 

of  electric  energy  A  in  both  air  ancj- liquid  systems,  more  Heat  would*  be  ( 
lost  than  necessary  \from  the  pipes  and  treat  exchangers  because  of 

frequent  cycl ing.  \ 

>  \  ' 

.The  sensor  in  the\  pebble-bed  should  be  located  at  the  bottom  (or 

outlet)  end  of  storage..  When  heat  is  being  stored,  the  bottom  (or  outlet) 

end  of  storage  wil.l  determine  i/  storage  is  "full".  '  ' 
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CONTROL  PANELS  '  *  '     •  - 

Usually  a  central  control  panel  is  convenient  to  consolidat£*the 
circuits  and  relays*  that  provide  the  control  functions.    The  pang!  would 
house  the  relays  and  provide  for  some  adjustment  of  the  temperature 
limits.    It  is  best  to  acquire"  a  con^ol  panel  from  the  solar  equipment 
'  manufacturer  as  a  prewired  unit  to  serve  the  fey stem.    All  that  needs  tp 
be  \lone  with  a  prewired  control  panel  is  to  connect  the  thermostat  arid 
other  temperature  sensors,  motor,  auxiliary  unit/and  the  vafves  and 
damper  controls  to  the  proper  terminals  in  the  control  panel.    The  manu- 
facturer -will  provide  the  necessary  instructions  to  make  the  connections. 
The  power  for  the  control  panel  will  usually  betiousehold  115-volt, 

single-phase  A.C.  line  power.  *  (%* 

/ 

■  .  / 

TYPICAL  CONTROL  SUBSYSTEM  ■  / 

CONTROL  LOGIC,  AIR  SYSTEM     (  ^  /_ 

A  sketch  showing  the  senior  locations  for  an  -air  gating  solaur^sys- 

/  / 

/  x 

tern  with  a  domestic  hot  water  preheater  and  an  evaporative  cooler  is  ^ 
shown  in  Figure  11-7.    The  temperature  sensor,  SI,  is  located -in  the  ducf 
at  the  top  of  the  collector.    It  should  be  located  at  the  top  to  register 
the  temperature  of  the  air  as  it  is  heated  by  the  collector,  which' rises 
to  the  upper  end  of  the  collector  even  when  the  blower  is  not  rimmng.  ^ 

HTie' temperature  sensor  S2  is  located  at  the -bottom  of  thi  rock-rbed  storage 
When  the  temperature  at  SI  is  greater  than  at  S2  by  a  preset  amount, 
blower  Bl  -is  started^  and  heat  is>  delivered  through  storagd.    The  teriipera- 

p  ture  at*sensor  S2  will  usually  be  the  prevailing  room  air  temperature 
because,  during  the  previous  night,  the  storage  would  have  been  used,  and 
room  air  enters  the  storage  at. the  bottom,,  t  * 


■  200. 


•I 


LEGEND         «  *  |  K, 

BDD'  =  BACK  DRAFT  DAMPER  ,*         .  * 

MD  ="  MOTORIZED  DAMPER  '  .  * 

EVC  =  EVAPORATIVE  COOLER 
AUX  =  AUXILIARY  HEATER  * 

i  .  « 

'  B  ='BLOWER  i 


LU 


—  *    *  /  Figure  Schema ti c  of  .an  Air  System  (Sensor  Locations) 
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%    When  the  thermostat- S3  places  a  demand  for  heat,  the^dampers  MD2.  t 
and  BDD  respond  and  direct  the  flow  into  the  room/' provided  that  SI  is 
greater  than  the  first-stage  temperature  setting  of  S3  by  a  preset  amount. 
If  the  temperature  in  the  room  is  not.  increased  by  the  solar  heat  provided 
by  the  dollecfors  directly  to  the  rooms,  the  s£cond-stage  contact  is  made 
.at  S3.    Thi^  could  occur  'when,  sol  ar  energy  is  not  available  during,  the, 
day 'and,  of  course,  at  night.    The  dampers  MD3  and  MD5  are  actuated,  the 
flow, from  the  room  is  directed  through  storage,  and  the  auxil iary- furnace 
is  th£n  started-.    The^daniper  MD5^  is  closed  to  offer  more  resistance  along* 
theVeverse  path  through  the  collectors.    The  air  circulates  from  the 
room,  through  storage,  past  the  open  damper  MD1  ,«  and  then  through  the 
auxil iary  heater.  (  •  . 

To  provide  heat  tothe  service  preheat  water  t£nk,  the  temperature 

at  S4  is  compared  with  SI.  *If  ST  is  heater,  than  S4  by  a  preset"  amcwnt, 

/ 

pump  PI  is  started  and  water  is  circulated  through  the  cross-flow  heat  .  ^ 
exchanger,  unless  S4  is  greater  than  the  temperature  limiter  which  over- 

rides  the  SV-S4  command  to  prevent  pverheating  the  water;.  , There  is  a, 

*  ■    ;  i  '' 

"prior  oVer-rlde  command  on  pump  PI,  w^ich  isHhat  the  blower  Bl  must  be 

S  °  ' 

Jon.    When  the  temperature  difference  S1-S4  drops  'to  the  lower  preset 

temperature 'difference,  -pump'PI  stops. 

''  * 

The  control  logic  described  above  for  the  air  system  serves  to  heat 

• ' .  -  v       * '    "  ' 

the  hbuse  and  provide  for  storage  of  heat.    The  preset  lofter  temperature. 

.between  Si,  S2,  and  S4*  can  be  the  same  as  for  the  hydronic  system. 
'   ,  -'To*  cool,  the  rock  bed  during  the  night, "a  temperature  sensor,  S5,  i's 
needed  outside  the.  fc>u i f d i ng.  'This -sensor  can  be  located  at 'the-  inlet  end 
of  "the  duct  leading  to  the.. evaporator  cooler*   Wheyi  the  temperature  dif- 

**  *  • 

ferenpe  S2-S5  is  les.s-«than  a  preset  amount,  outdoor  air  1  s  drawn  through  ' 
the  evaporator  cooler  and'circul ated  through  storage.  ,The  .temperature 


/09 


4     that  is  desirable  to  register  outdoors  is  the  wet-bul.b  temperature,,  but 

^  '  <    «  ♦ 

this  jis'not  easily  accomplished.    Therefore the  dry-bulb  temperature  is 

usejJ  and  the  Control  reference  temperature  difference  is  set  to  a^llow 

,   for  a  prevailing  wet^bul!)  temperature  difference  from  the  dry-bulb  .J^ 

temperature.    In  dry  climates  thrs^ control  strategy  will  function  satisr,  T' 

factorjly.    There  will  be  difficulties  where  the.jpange  of  relative  humility 

can  vary  considerably  at  night-.       -  '  '  . 

\ 

,  j       '^During  the  day,  the  cool  st^ge  at  thermostat  $3  demands  'cool  ijrig.        .  , 
•    Blower  Bl  and  the  dampers  are  turned  to  circulate' the  room  air  throuqh 
.storage^  provided  the  temperature  difference  S3-S6  is  greater  than  a  pre- 
set amount,    Jhe  air  circulation  stops  when  the  rooms  cool  and  the  contact  ' 
at  S3  is  open.  * 

For  djrect  evaporative  codling  of  the  rooms,  an  additional  coatrol 
circuitry  is  (used  which  compares  temperature  difference  S3-S6  to  a  preset 
v3l ue .    That  is,  when  cooling  is  no  longer  beirtg  provided  from  storage, 


direct  .evaporative  cooling  is  provided  fly  outside  air-through  the  EVC. 

Although  room  air  coOld  be  circulate^  through  the  EVC  for  further  cooling, 

it  is  not  recommended  because'the  humidity  in  the  building  cah  increase 
to  ai^  uncomfortable  level,.       .  .  ' 


k.\  CONTROL  ACTUATORS 


>  * 


.   The  pumps,  blowers,  valves,  and  damRers  are  referred  to  as  the *conr 

trol  actuators  and  produce  the  deSired  mechanical  operation  in  response 

-     \      '  ^  v  -  • 

to  the  electrical  control  si gnal s ,    Pumps  anc\  blowers  are  wired  through 

manual  switches  from  the  control  panel.  •#  The  switch  normally  remain?  on* 

and  is  a  safe'ty  feature  required  irt  some  electrical  codes.    The  switch^ 

—  *  *> 

are  to  be  placed  near  the  motors' anci  not  at  the  qpntrol  panel.  , 
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AUXILIARY  HEAT  CONTROL 


)^aj  boiled 


The  controls  on  a  conventional  boiler  or  forced, air  furnace  must  be 
changed  for  sol  ar'auxiliary -purposes  to  be  actuated  in  conjunction  'with 
the  punjps,and  blowers  in  the  seljar  system.  The^secopd  s*tage  thermostat 
'is  the  main  controL  to  activate  an  auxiliary  heater. 


CONTROL  SYSTEM  CHECK-OUT 


It  is  well -^o  check  th$  control  system  with  a  "dry"  run  through  the 
full  sequence  of  modes,.  The  thermostat  set  points  can  usually  be  altere 
to  fake  the  desired  modes.  This  will  assure  that  T;he  system  .will,  "work" 
when  it  is  first  put  into  operation*.  'Adjustments  to  the  control  system 
should  be  considered. to  effect  the  highest  performance, possible  from  'the 
system.-  These  adjustments  include  the  setting  jof  temperature  different* 
tials  and  deadbands.  '. 


••  REFERENCES 


1       Peltzman',  E.S.,  "Differential  Thermostats  'for  Solar  Energy  Systems 
Rho  Sigma,  Inp.,  15150, Raymer  Street,  Van  Nuys,  CA  91405. 
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*•     •     -  .    *   ',  12-1       •  '  .  :  ' 

"  ■  '  /  "  •  '  *  •  r 

.    "  \      -k   •  "  •' INTRODUCTION        '  •      •  '     .;-  ■  «'  , 

'  \      -  *      *   *   .  « 

,  •  *.  ,v   ■     .  -    4     •  „  •  - 

,        The  operations  laboratory  is  &h  .opportunity  for,  th^  trainees  to'gsnn  , 
greater  familiarity  .with  h^rorriQ  and^'air  solar>  systems  and,  al  so  *fof '"hands 
on"  experience  .with'fliwfeji  of  %c^Wy«ystefflSL.   'jhe  solar  healing- an/J  c?doT,>ng  * 
systems  ;of  tbs  four  GSU  Solar  Houses  §re  tot£e  examines  in  .detail,  measure- 

'  merits  taken*  and  perfojr/natice  characteristics ^determined.  tT-he.-disa^semtfled  : 

models  of  .the  solar  systems  are  to  be  ^ssepitJle^y  the  trainees  usjng.jhe 

i  *      -      -    .  •       ♦  - 

knowledge  they  have  gained*  in  the  course:  \*.  :  ■*        ,i    '  j 


OBJECTIVE  . 


■  \  ■  •  .      *    ^       4 ' 

At'the  end  of  this  modul-e  th^ -trainee  should  be  able  to:^ 

•  v  |  ? 

•  >  §  >  :  - 

K     Explain  th^ details  of  component  arrangements  in  tiydronic 
and«air  heating  solar  systems,      *  \  ,  .     ^  - 


2,    'Obtain  measurements  from  operating  systems  to  understand,  tfre  * 
performance  characteristic?  of  solaV.  fiydronic  and  a*i r 'systems, \ ' 


■    •  •       l  ■ 

-  ■  v.  *  ^        A  : " 

Four  hours- are  devoted  ta  this  laboratory  peKio'd.    Thfe  class  o,f 

.    ■    •  ■.  •     •  •  ' 

trafnees^will  be  divided  into  four,  groups, ^apd^each,  will  be^assigned  an  ^ 
/*     »  ^  ^  * 

instruotpr  for  the  entire  period'.  .    \  "    .  t   *  • 

A-  "  .  '  ^  w      "  #  1  . 

Group  b-, 'Group will  be  formed  by^  trainees  wh9  are  interested  in 

assembling 'the  modal'  hydronic  system.    The^  model  system  consists'  o* 

collectors,  storage,  pumps  and  valves,  control s, 'and  a  load.?  The  model 

is  to  be/assembled^using  the.  knowledge  gaNnfed  in  the  training  course  with 
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£  « 


f  > 


minimal 'assistance  from- the  inst$fcto.r.   The  assembled  system  w1U.be 

inspected  by  the  instructor  and' improper  assembly  will' receive  comment. 

°  *   Group '&  -  Group  2  will  be  formed  by  trainees  who  are  interested  in 

.  ,  -  *  * '  \ 

a^sfembling  the  model  air -system.1  The  model  consists  of  collectors,  ducts, 

,  dampers*,  and.  a  blower.  ■  A  control  unit  is  provided".  .  The  system  is*  to  be" 
made  operational  and  the  completed  assembly  will  be  inspected.,  ♦  ' 

'  "  groups  3  and'  4  -  groups  3  and  .4  will;  'incl  ude,  the  balance  of  the,  class 

J  of  trainees.    The  two  "groups'^rill .  study  the  detail^jrfjtttf^ting  solar 
systems  and  obtain  measurements.    Thte  experience  Tgairrea  from  this.- exercise' 

•  will  develop  a  better  understanding  of  system  operating  characteristics. 

-A  schedule  fop  the  four > groups  tjuring  the  laboratory  peHod  is 

i  *      ■      .     *    ,  * 

.presented  in  Table  1 2-1  •  *  '~      :  ^ 


-    .     Table  1*2-1*  * 
(Jperations. Laboratory  Schedule  ,f 


Event 

>* 

♦    v_ 

• 

Group 

1 

2 

3- 

Model  Assembly  of  Licfcrid  System 

1  :'00. 

* 

.  'f^lodeV. Assembly  of  Air  System  %' 

t 

.1 :00  ' 

V 

*  Inspection  of .Solar  House  III 

3:00 

4:00 

Inspection  of  Solar  House  IV  > 

4:00« 

3:00 

dheck-0uft  of  Solar  House  I 

1  :,P0  5 

.3;  00 

Check  Out  of  Solar  House  II  . 

* 

3:00 

€  :* 

OPERATIONS  LABORATORY' EVENTS 


MODEL  ASSEMBLY 


*        -  %        '  « 

*    An  essential  .aspect  of  developing  experience  jn  the  installation 


of  solar  heating  and  codling  systems  is  to  assemble*  solar  systems* 
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Although  they  are  models  of  larger  systems  and  only  a  few  collectors  are 
*qsed,  the  experience  of  assemtil ing*  the  models  &ill  prove  useful*  •  The 

•  ,     ""  ,  r 

trainees  should  organize  as  a  team  and  Work  together  to  complete  Jtne  I 
project.  '  <  '  '  •  - 

The  emptasis  in"  the  exercises  is  placed  onjocating  the  solar  compo- 

nents,  in :  a^proper  arrangement -to  forma  complete  system.    Flexible  ducts 

•  •  ,  «  "  * 

and  pipes'are  usecf  for  convenience  in  this  model.    The  instructor  will  be 

^available  .for  questions,  but  the  .trainees 'should  perform  the  assembly  of 
a  1,1  parts.    After  assembly,  the  instructor  wiW  provide  comments  and 
•discuss  alternative  arrangements.       ■  . 

liquid  System  Components  •  •  / 

The  components  of  the  model  liquid-heating  solar  system  include: 

1.  Two  solar'collector  modul es  ' 

2.  -     Collector  support  structure 

**    -3.    -Hot  water  storage  tank         -  \      ■  ,  . 

*  4.     Xwc/pumps  '  ^ 
5.,     Simulated  load 

6.     Valves,  piping,  and  controls. 

Assembly  and  Test  •  ' 

A  schematic  diagram  of  the  model  is  shown  in  Figure  12-1.  The 
trainees  should  study  the  diagram  before  beginning  assembly  of  the  model. 
It  is  possible  that  tfn  alternative  arrangement  may  be  desired  by  partici- 
pants in  the  group.  ^Detailed  instructions  for  assembly  are  not  provided; 

/    "  J 

rather  the  participants  should  decide  the  order  of  assembly. 

After  the  model  has  been  assembled,  the  system  should  be  operated 
and  the  performance  of  the  collector  determined.    For  this  purpose, 
temperatures  shbuld.be  measured  At  appropriate  locations.    The  flow 


,  .3u0 


Htj.  Manometer 
i  1 


Air  tfent 

Expansion 
Tank 


Air  Scoop 

*H-E^30  psi  Relief  Valve 


Hot  Water 
Load 
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'Figure  12-1.    Schematic  Diagram  of  the  HydrpnijE 
Solar  Sy stern  Model" 


-as-*  Hose 
H'H^Union 

— A  Temperbture  Sensor 
-Xh  Gate  Valve 


ERIC 


/ 


12-6 


rates  through  the  collector  pUp  can  be  determined  by  measuring  the  " 
difference  in  pressure  across  :the  pump  and  referring -to  the  discharge 
rating  curve  showri  in  Figure  12-2.    The  pumps  have  different  capacity 
curves,  depending  upon  pump  .speed."  The  solar  radiation  measured  at  one 
of  the  Solar -Houses  should  be  obtained  for  use  in  determining  the  collec- 
tor  performance.  -  -  * 
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Figure  12r2.    Grundfos  Pump  UPS-20-42  Full  Flow  Performance  -Curves 


Air  System  Components  --.^ 

The  components  of  the jnodel., air-heating  solar  system  include: 


y 


i . 


Two'  solar  collector  modules 


2.     Collector  support  structure 
t3.     Pebble-bed  storage  writ  - 
4.     Blowers,  dampers;  and  flexible  ducting  • 


0 
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5.  Controls  '* 

6.  , Simulated  auxiliary  furnace  ♦ 
Assembly  and  Test 


r. 


The  recommended  assembly  of  the  air  solar  systejn  model  is  shown  - 
schematically  in,  Figure *12-3,  and -the  Control  logic  .is  shown  in  Figure 
12-4.  After  assembling  the  components  of  the  model, /the  system  should 
be  made  operational.  Fof  this  purposed -a  wiring^ diagram  for  the  model 
system'  is  shown  in  Figure  12-5,  and  the  terminal  strip  connections  are 
shown- in  Figure' 12-6  .  Four  modes  of  operation  are /indicated  in  Figure 
12-7.  .    /     '  .         :  '      :.  ,  ' 

The  system  should -be  tested  and  t%e  perfarmarfce  of  the  collectors 


determined  by, measuring  temperatures  at  appropriate  locations.    The  flow 
rate  for  .the  blower  will  ,be  provi^d  by  the  instr  jctor  and  the*  Solar 
ti^<iiation  can  be  obtafhed  from  the  pyranometer  reeraings  on  one  of  the* 
solar  houses.  -  v 


' . SYSTEM  INSPECTIONS 


♦  * 


The  trainees  will  b£  given  approximately  a  30-minute  briefing  of 

the  solar  systems  in  the*houses*  and  detailed  locations  of  temperature 

:  •  -  . 

•  sensors  tha-t  are  used  for  control  and  monitoring  purposes.    A  detailed 


y 


inspection  of  the  system  should  be  conducted  by  the  .trainees.  Each  should* 
become  .fully  Tamil iar  with  the  arrangements. of  different  components  of 

the  systems."  '  •  '      .  ■ 

'V  •  •  • 


SYSTEM  CHECK-OUTS 


J 


'Following  the' installation  of- any  solar  system  or  during  a  service 
'calli  .it. is  recommended* that  the  system  be  checked  for  proper  performance. 
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Figure  ,12-3^   Schematic  Diagram-  of  th(e  'Air 'S(j>ar  System  Model 
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Figure  1,2-4.    Control  Logic  Diagram  ** 
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Figure  12-5.    W-iring  Dia'gram  1{or  Model  Air  System 
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3h 


♦  v 


:I)    No 'Heat  Available  and  No  Heat  Needed,  (  System  Off  ) 


P."  • 


V 


Fan 


II)    Heat  is  Available  but  No  Heat  iMs  Needed  (>to  Storage.) 
*  1  *       _  ,  » 


DD'  No  Heat  Avoi^l 

o 


but  Heat  is  Needed  (from  Storage) 


.id 


-►01 
♦  05 


Fon 


 p — r^t , 


EZ)    Heat  i*  AvGii'a  ble*  and  Hea  t  m  is  ■  Needed  (Direct  Heating 


r 


s 


) 

1  '*  * 

Figure  12-7.  «  Modes. o{.  Operation 
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•  -    "  12-10     .  /- 

If  abnormal  situations  arise',  the  nature  of  the'  difficulty  should  be 
identified  and  the  problem  corrected./        4 — 

,  '     An  appropriate  cljeck  lisfshould  be  used  to%  evaluate  .the  performance 

of  a  solar  system.   The  particular  forms*  provided  in  this  module  will.be 
<  ♦ 

discussed  by  the  instructor.    After  the  explanations,  the- trainees  will 
endeavor  to  obtain  a  set  of  readings.    Examples  of  a  number  of  different 
data  sets  leading  to  different  difficulties  are^ provided.    These  examples 
will  be  'discussed  and  the  troubles  will  be  identified. 


\ 

»  i 


i. 


\ 


_  \ 


EXAMPLE  DATA,  ^ 

v  V 

FROM  A  LIQUID-HEATING  SOLAR  SYSTEM 
FOR 


HEATING  AND  COOLING  A  r^p> 
RESIDENTIAL  BUILDING 


* 
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*•  ,  Table  12-2.    System  Check  List  (Liquid),  ExampJe  1 


r 


( ; 


headings 


COLLECTOR  LOOP 


,1 .  Inlet  .temperature* to  collector              '  •  196°F 

2.. Outlet  temperature  from  collector  •  lga°F  .  " 

3.  CoVlector  tempera ture~to  heat  exchanger/storage  197°f  " 
4v  Collector  temperature  frorn  heat  exchanger/storage  196°F 

5. \iCpl lector  loop  flow  rate                       '  16 . 1  gpm~ 
Condition  of  collector    *  ' 

a.  Broken  glass?  none  [ 

b.  Dirt  accumulation?  flight  i_L_ 

k7.  Sti^ge  tank  level                   ,  J  ipy  ' 


THERMAL  STORAGE"  .UNITS   V  . 

1.  Storage  tank  temperature  (top) 

.  2.  Storage  tank  temperature  (middle) 

3.  Storage  tank  temperature  (bottom) 

4,  Storage^tahk  . temperature  (below  tank 
*5.  Cool  storage ^supply  to  cooling  unit 

Cool  storage  return  from  cooling  unit 

HEA^TING/COtaNG  LOAD 

1.  Storage/collector -temperature  to  load 

2.  Storage/ collector  temperature  fronrload 

3.  Load  flow  rate 

4.  So lar7auxi Viary  valve  position 

5.  Heating/ cooling* valve  position 

6.  Return  air  temperature 

7.  Supply  air  temperature 


176°F 
176°F 
172°3* 
146QF 


]  94°F 
88°F- 

0»5  gpm 

solar 

heating 
70  °F 
70  °F 


Cooling  eff 


*As  appropriate  to  the  particular  system-design 


\9  ■ 


0 


128°F 
142°F 
;  64°F 
1.76  °F 
174  °F 


Table  '12-2.   System  Check  List  (Liquid  System),  Example  1  (continued) 
'      .  ,  Readings 


COOLING  .  ' 

1.  -Cboling  tower  flow  rate 

2*  Cool lng_  towejr  supply  temperature 
3,  Cooling"  tower  return  temperature 
4>  Evaporator  temperature    «   *.  \ 
5-  Cond^ns^r  temperature 
6.  Vacuum  (pressure) - 
4*7,  Air^floft -across  evaporator, 
*8,  Liquid  lf low  across  chiller  * 

*  v  r 

'DOMESTIC  HOT  WATER  (DHW)  W  '  -  ' 

1 , ,DHW  preheat  temperature  ^ 

2.  DHW  auxiliary  tapk  temperature 

3.  DHW  ctild  wat^f  main  tefnperature ,  (gas) 

4.  Storage  to  preheat  temperature 

5.  Storage,  from  preheat  temperature 

6.  Total  water  flow  cumulative 


Remarks* 


Q 


THERMOSTAT  SETTINGS' 
House*: 

Storage  tank: 
Auxiliary; , 


Heating  68°F 
Heating  100  °F 
•Boiler,  I50°F 


Cooling. _ 
Cooling 

Hot  wfter. 


72°F 
17Q.UP 
140°F 


SYSTEM  LINE  UP  FOR  APPROPRIATE, MODE 
Remarks: 


 1  *~.  

J 

'  -  

a 

 ¥  1  

* 

*> 

* 

* 

, 1  1  —               y  11  / 

* 

 : — ^  

.  * 

•  * 

♦ 

r  •  #  *As  appropriate  to  -the  particliTar  system  design 
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Ta^le  12-3-    System  Check  List  (Liquid) ,  Example  2 


Readings 

COLLECTOR  LOOP  ^ 

1.  "Inlet  temperature  to  collector  /    *  '  2Q8°F 

.  2.  Outlet  temperature  from  collector  212°F 
*  3.  Collector  temperature  to  *heat  jgxchanger/storage  212°f 
m  4.  Collector  temperature  from  heat  exchanger/storage 2Q8°F 

5.  Collector  loop  flow  rate  ,  17»3  gpm' 

6.  Condition  of  collector 

a-  Broken  glass?  Panel  #2  -J.  lower  glass 

Dirt  accumulation?  slight  

*7.  Surge  tank  level        *  lov 


THERMAL  STORAGE  UNITS  •  4 

l'.  Storage  tank  temperature*  (top)                  .  209 °F 

2.  Storage  tank  temperature  (middle)  ^    209  °F 

3.  Storage  tank  -temperature  (bottom)  '  209 °F 
'    4»  Storage  tank  tempera turfe: (below  tank)  JL80°F 

*5,  Cool  storage  supply  to  cooling  unit  209 °F 

*6.  Cool  storage  return  from  cooling  unit  %p7°F 

HEATING/COOLING  LOAD  "  , 


1.  Storage/collector  temperature  to  load  .  209^F 

2.  Storage/collector  temperature  from  laad*  207°f 

\   3,  Load  flow  rate                   1  0.2  gpm 

\4.  *Sol ar/^uxiliary  valve  position  solar 

5»  Heating/cooling' valve  position  cooling 

*  6,.  Return  air  temperature  >  .  82°F 

7.  Supply  air  temperature                 ^  '  *  83c 

-  *As  appropriate  to  the  particular  system  design 


ERLC 


fable  12-3.    System  CheCk  List  (Liquid  System),  Sxampl'e  2    (continued)  * 


I 


COOLING 


1  >  Coolinq  tower  f]ov/  rate 

I.  Cooling  tower  supply  temperature 

3.  Cooling  tower "return  temperature 

4:  -Evaporator  vtemper'a  tyre 

5.  Conderiser  temperature 
(  6.  -Vacuum  (pressure) 
*7.  Air  flow  Across ^evaporator 
*8.  Liquid  filow  across'chi Her 

DOME ST ^ HOT  WATER  (DHW) 

1 .  DHW  jw§heat  temperature 

2.  DHW  auxiliary  tank  temperature 

3.  DHW/^ihKi  water  main  temperature 

4.  Stoffrcfe  to  preheat  temperature 

5.  Stqfage  from  preheat  temperature 

6.  *Totfal  water,  flow  cumulative 


Thermostat  settTngs 


>use: 
Storage  tank:. 
Auxiliary: 


Heating 
Heating 
Boiler 


68°F 


-Readings 


10 . 6  gpm 

73°F 

70  °F  . 


T2°F 


100°F 
200°F 


Cooling 
Cooling 

Hot  Hater. 


1550  cfm 


135°F 
140  °F 


6Q°F 


72°F 


70?  F 


140°F 


Remarks 


r 


system  line  up  for^appropri^te  mode 

Remarks: 
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..  *As  appropriate  to  the  particular's  tern  design 
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fable  12-4.    System  Check  List  (LiquM).,  Example  3 


COLLECTOR  tOOP     "  '  - 

1.  Inlet  temperature  to  collector  ,   t  141°f 

2.  Outlet  temperature  from  collector  •  #  148°F 

3.  tolle'ctor^  temperature  to,  heat  "exchanger/storage  147°? 

4.  Collector'temperature  from  heat  exchanger/storage  i42°F 

5.  Collector  loop  flow  rate   '  •  I2^£_gsm 


Readings 


6,  Condition  of  collector 
a..  Broken  glass? 


nnnp 


b.  Dirt  accumulation?  considerable 


?7.  Surge  tank  level  :>    1/2  full 

THERMAL  STORAGE;  UNITS  * 

1.  Storage  tank  temperature  (top)            *  -  153°f 

2.  Storage  tank  temperature  (middle)          >  ,  *  153°F 

3.  Storage  tank  temperature  (bottom)  .  152°f 

4.  *  Storage  tank  temperature  (below  tank)  f  H2°F 
*5.  Cool  storage  supply  to  cooling  un]t  (  ^         »na    -  " 

,  *6.  Cool  storage  return  from  cooliifg  unit  /      *  NA" 

HEATING/COOLING  LOAD  .  • 

1.  Storage/collector  temperature  ta  load   *  152°F 

2.  Storage/collector  temperature  from  load  141°F  \ 

3.  Load  flow  rate  10.3  gpm" 
4..  Solar/auxil iary  valve  position  %  Auxll 

'5.  Heating/cool tng  valve  position  Cooling 

6.  Return  air  temperature                         '  '       7.6 °F 

7.  Supply  air*  temperature   *  ■  <  70°F 


*As.  appropriate  to  the  .particular  system , -de sign 


rable  12-4.^  System  theck  List  (Liquid  System) ,  Example  3  (continued) 


1 


Readings  . 


Remarks 


POOLING 

1.  Cooling  tower  floy  rate 
■>£.  Cooling  tower  supply  temperature 

3.  Cooling  tower  return  temperature 

4.  Evaporator  temperature 

5»  Condenser  temperature 
•6.  Vacuum  (pressure)^ 
*7^J\ir  flow  across  evaporator 
*8.  liquid  flow  across  chiller 

DOMESTIC  J10T  WATER  (DHW) 

1 .  DHW  preheat  temperature 

2.  DHW  auxiliary  tank  temperature 

3.  DHW  cold  water  main  temp^ature  . 
^■4.  Storage  to  preheat  temperature 

5.  Storage  from  preheat  temperature 

6.  Total  water  flow  cumulative  ; 


IQ.l'gpm 
69°F 
78°F  ' 
4$°F 

*  75°F 

a 

,1^0  cf"m 


132°F 
140  UF 


IDT. 
150UF 
142UF 


i 


thermostat  settings 

House: 

Storage  tank: 
Auxiliary:  • 


Heating  68eF 
Heating  100°F 
Boiler  4160°F 


SYSTEM  LINE  UP  FOR  APPROPRIATE  MODE 
■  Remarks:  •  . 


Cooling-  "72°F 
Cooling  >  180 °F 

Hot  tfeter  r40°Fl 


1 


y1 


f 

\ 

 *  

—  *t  :  r 

#  \ 

• 

If  ' 

\ 

 '   ) 

*As  appropriate  to  the  particular  system  Resign 

^          3  2  1 

Table  12-5.  System  Check- List  (Liquid),  Example  4 


ERIC 


-Readings 


Remarks 


COLLECTOR  LOOP  .  *    .  ■ 

1.  Inlet  temperature  to  collector  >w 

2.  Outlet  temperature  from  collector 

3.  Collector  temperature  to  hfeat  exchanger/ storage 


195°F 
2Q3°F 


202~*F 


4.  Collector  temperature  from  heat  exchanger/storage 196°F  ~ 

5.  Collector  loop  flow  rate  '  -  17.3 gpm" 

6.  Condition  of  collector 
'a.  Broken  glass?  

b.  Dirt  accumulation?^ 
*7.  Surge  tank  level    0  /  ^lov 


none 
slight 


* 


THERMAL  STORAGE  UNITS 

1.  Storage  tank  temperature , (top) 

*  2.  Storage  tank  temperature  (middle) 

3.  Storage  tank  temperature  (bottom) 

4.  Storage  tank  temperature  (below  tank) 
*5.  Cool  storage  supply  to 'cooling  unit- 
*6.  Cool  storage  return  from  cooling  unit 

HEATING/COOLING  LOAD 
1.  StorageVcol lector  temperature  to  load 


A 


2. 

4. 

.5. 
'6. 
7. 


Storage/collector  temperature  from  load 
Load  flow  rate  «. 
Solar/auxiliary  valve  position* 
Heating/cooling  valve  position  1 
Return  air  temperature  T 
Supply  air  temperature  "  ' 


201  °F 
200°F 
198°F 
156  °F 


200  °F 

191 °f  ; 

11.2  gpm" 
solar 
cooling 
74°F 
.  6'3°F 


*As  appropriate  to  the  particular  system  design 


Table  12-5,   System  Check  List  (Liquid  System) ,  Example  4  (conlpnued^ 

<   ,  Readings  Remarks 

COOLING                       m  ,                   ,  ^ 

1.  Coolirtfj  tower  flow  rate  ■  '*       10.3  gpm  ^  '  

2.  Cooling  tower  supply  temperature      v  7?°?     ;  . 

3.  Cooling  tower  return  temperature  .          *        w °f        •  , 

4.  Evaporator  temperature  42°F  ■  

.5.  Condenser  temperature  *                        76 °F  ' 

16.  Vacuum  ffxressur^)     -  ,  /       _2^__       t  .  

"*7.  Air  flow  across  evaporator',    *  1500  cf  m     ^_ 

*8.  Liquid  flow  Scross  chiller*  ,            —  —  ' 

DOMESTIC  HOT  WATER  (DHW)  -  - 

1.  DHW  preheat 'temperature  ;  140°F   _   ,  

2V*  DHW-auxil  iary  tank  temperature  '     ,  140°F    (       -  .  ✓ 

*3.  DHW  cold  water  main  temperature  ,        65°F        r  '       .  ^ 

4.  Storage»ta  preheat  temperature  "    /        86°F        -      -      ^  ✓   ;   *° 

5.  -Storage  froo  preheat  temperature  91°f  #  

6.  Total  water  flow  cumulative  »  ~      _^   ^  

THERMOSTAT  SETTINGS         .  /  ^  -    ,    .   .  -  - 

Hau&fe:                    Heating     68*F  Cool  ing     ~72°F  {♦ 

Storage  fank:      /    Heating,  Cooling  188°F 

.    Auxili-ary:  '            Boiler    .iWr  .Hot  Mat.pr  •    140°F  .  *  • 

SYSTJEM  LINE  UP  FOR  APPROPRIATE  MODE     >%  *  »  \ 

Remarks:                                 ^,     ,  •   j-  "  *'  i  •  *  ' 


'  1 

t           *                    *  ~ 

* 

*As  appropriate  to  the  particular  system  design 
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'Table  12-6,    System  Check  List"  (Liqi|id) , JEtomple  5 


COLLECTOR^OP 


Readings 


17Q°F 


178°Ry 
17fr°F 


1.  Inlet  temperature  to  collector         .  • 

2.  Outlet  temperature  from  collector 

3. tT  Collector  temperature  to  heat  ^exchanger/storage 

4.  Co] lector  temperature  from  heat  exchanger/storage  '1716F 

5.  Colifec tor  loop  flow  rate  (  '  '^16.2  gpm' 
6..  CorOktion  of  collector  ■        "  ^  4 

a^roken  grass?     ■  2  parte  Is  .(lowrf  glass) 


slight 


b.  J)irt  accumulation?^ 
*7.  Surge  tank  level 

THERMAL  STQRAGE^ITS 

1.  Storage  tank  temperature  (top), 

1.  Storage  tank  temperature  (mid^te}' 

3.  Storage  tank  temperature  (bottom) 

4.  Storage  tank  temperature  (below  tank) 
*5>  Cool  Storage  supply  to.  cool  ing^  unit ' 
*6.  Cool # storage  return  from  cooling  unit 


4* 


HEATING/ COOLING  LOAD    -       v     .  .  • 

1.  Storage/col TejctbrVtemperature'  to  load 
2*  Storage/collector* tejjjptrature  from  load 
3/  Load  flow^rate  " 

SOlar/auxilia^j^alve  position 

5.  "Heating7corilin<j-  valve  position 

6.  Return  *a  if  temperature        ^  ,  <w^| 

7.  Supply  a\r  tetapera'ture   «  " 


32 

ERIC 


*As -appropriate ,to  'the  particular  system  design 


low 


175°F 
175°F 
172°F 
140  °F 


1-74  °F 
•173°F 

.  solar  . 
cooling 
v-76°F 
 7l!l 


Remarks 


1 

•  * 

a  ■ 

3k  . — :  : 

a>  

"1 

•,3 


4*.    '  Table' 12-6..  System  Check  List  (Liquid  S^tem).,  Example  5    (continued)  ... 
-    •      f                             •  Readings  ,  Remarks 

COOLING  . 

1.  Cooling  tower  flow  rate  „  1Q.6  gpm-»    ^  

2.. 'Cooling  tower  supply  temperature   .         /  .  80°F 

,  3**  Cooling  *tower  return  temperature,  82  F 


4.  Evaporator  temperature    *  ;  67^F       ...  ^   .  !  ^ 

5.  Condenser  temperature       ,  '  82  °F     :  ,  


ro 


6.  Va'eudm  (pressure)     s            "  *  m  J 

t"*7.  Air  flow  across  evaporator  *  r        1600  rfsi 

*8.  Liquid  flow  across  chvller  ,  ,  ~ 

"•DOMESTIC  HOT  WATER  (DHW)          -  • 

.  I")  DHW  preheat  temperature  '  136°F 

2  \  DHW  auxiliary  tank  temperature*  .    ~  J^OF 

„  *3*DHW  cold  water  main  temperature  K  70  F    __;  ;  N   .  ^  ^ 

/ ,  4.  Storage  to  preheat  ^temperature  *  ^135  F     .  ^ — 

5.  Storage  from  preheaf  temperature.  «       128°F    ^   ^ .        3  :  !  :  U/  ,  •  ' 

6.  TotaV  water  flow  cumulative  ^ "  ,  ^ 

THERMOSTAT  SETTINGS 

House:                    Heating    68°F  {    Cooling  70°F 

Storage  tank:'          Heating  10.0 ^F'  I    Cooling  1WJ 
•Auxiliary-    ^     t  Boiler     180°F^  ^W-  Water  140  F 

SYSTEM' LINE  UP  FOR* APPROPRIATE  MODE 

V 

Remarks:  1  * 


r- 


*As  appd&riate  to  the  particular  system  design     ■  ' 
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*    '   J    .Table  12-7.   System  Check  List  (AJif),  Example  1 

.    !  '  Readings 

COLLECTOR  LOO?.  *   >  4  ... 

1.  InTet  temperature  to  collector*  .  76°F 

2 . -Outlet  tempefajture  from  collector  151°F 

3.  Air  temp,  before  heat  exchanger  137°F   

4.  Air  temp,  after  heat  exchanger'  L  129°F 

5.  Collector  loop  air  flow  rate  v    1510  cfm 

*  .    '    v   =    

6.  Conditions  of  collector 

lower 


a.  Broken  glass?  Panel  ftl,  cover 
b;  Dirt  accumulation?  None 


THERMAL  STORAGE  UNITS  ^ 

1.  Inlet  temperature                          .  125PF 

2.  Storage  unit  tgmperature  (top)  124°F 
'  3.  Storage  unit  temperature  (middle)  122°F 

4.  Storage  unit  temperature  (bottom)  81°F 

5.  Outlet  temperature                     >    _  7g°F 

'  HEAT IMG/ COOLING  LOAD  ' 

1.  Room  air  supply  temperature  126°F' 

•2.  Room  air  return  temperature             '  73°F 

3.  Air  flew  rate  kto*  rooms            '  1510  cfm 

DOMESTIC  HOT  IjATER  (DHW)C  ' 

1.  DHW  preheat  temperature                  ■  '  132  °F 

-2.  DHW  auxiliary  tank  temp,  settihg  142°F 

3.  DHW  cold  water  main  'temperatu're  70°F  * 

4.  Air/liquid  exchanger  to  preheat  temp  136°F 

5.  Air/1  i quid  exchanger  from  preheat  temp  130°F 
6..  Waterflow  rate  through  heat  exchanger  — 


THERMOSTAT  SETTINGS  -  . 

House:     '      ,  Heating  72"F    ,  ' 

*     .Stooge  Unit:    Heating  100°F-  , 

,    Auxiliary:   .    Boiler  -  l6tf°F             Hot  Water  -  140' 
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Table  12-8.     System  pheck  List  (Air),  Example  2.  \  j 

'i 


s  '            .  Readings 

COLLECTOR  LOOP  -  . 

1.  Irflet  temperature1  to  collector-  75°F  ; 

2.  Outlet 'temperature  from  collector  175°F 

3.  Air  temp*  before  heat  exchanger  163°F 

4.  Air  temp,  after  "heat  exchanger  147°F 
5..  Collector  loop  airflow  rate  •  780  cfm 
6.  Conditions  of  collector  *  / 

.a.  Broken  glass?       [ ;  None 
b.  Dirt  accumulation?    Slight ; 


THERMAL  STORAGE- UN  ITS  , 

1.  Jnlet  temperature 
\2.  Storage  unit  temperature  (top) 
3.  Storage"  unit  temperature  (middle) 
•  4.  Storage  unit  terpperature  (bottom) 

5.  Outlet  temperature 

KEATING/ COOLING  LOAD 

1.  Room  air- supply  temperature 

2.  R&om  air  return  temperature 

3.  Air  flow  rate  to  rooms', 

.  DOMESTIC  HOT  WATER  (DHW) 

1.  DHW  preheat  temperature 

2.  DHW  auxiliary -tank  temp,  setting 

/ 

3/*BHW  cold  water  main  temperature 
.   4.  Air/liquid  exchanger  to  preheat  temp 
5'.  Air/liquid  exchanger^  rom  preheat  temp 

6.  Water>f  low  rate  through  heat  exchanger 


144°F 
62°F 

133°F 
95  °F 


THERMOSTAT  SETTINGS'  1 
'    House:  Heating- 


70°  F 


Storage  Unit:    Heating      100  °F 


Remarks- 


t4c 


^Auxiliary*      Boiler  150°F 


Hot  Water  UO'f 


qoo 

O  O  'w 
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Table  12-9.     System  Check  List  (Air),  Example 


\ 


COLLECTOR  LOOP 

.  1.  Inlet  temperature  to  collector 

2.  Outlet  temperature  from  collector 

3.  Air  temp,  before  heat'fexchanger 

4.  Air  temp,  after  heat  exchanger 

5.  Collector  loop  air  flow  rate 

6.  Conditions  of  collector 

a.  Broken  glass?  

b.  Dirt  accumulation? 


Night 


Night 


THERMAL  STORAGE  UNITS  ' 

»         »  ' 

1.  Inlet  temperature 

2.  Storage  unit'  temperature  (top) 

3.  Storage  unit  temperature  ^middle) 

4.  Storage  unit  temperature  (bottom) 

5.  Outlet  temperature         '  ^ 

!   .  T 


HEATING/ COOLING  LOAD 
-1.  Room  ail^sufJply  temperature 

2.  Room  air  return  temperature 

3.  Air  flow  rate  to  rooms 


DOMESTIC  HOT  WATER  (DHW) 
I    1  ^DHW  preheat  temperature 

2.  DHW  auxiliary  tank  temp,  setting 

3.  DHW  cold  water  main  temperature 

4.  Air/liquid  exchanger  to  preheat' temp* 

5.  Air/liquid  exchanger  from  preheat  temp 

6.  Water  flow  rate  through  heat  exchanger 


Readings 


41°F 
40  °F 
52°F 
51°F 


153°F 
151°F 
148°F 
83°F- 
•  80'°F 


150°  J 
68°F. 
1430  cfm 


126°F 
142°F 
63°F 
76°F 
75°F 


111 


J 


THERMOSTAT  SETTINGS 

House;  Heating'  68°F 

Storage  Unit:  Heating  100°F 

Auxiliary:  BOil^r  150°F 


Hot  Water  145 
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BLANK  CHECK  LIST  FORMS 


Operations  System  Check  List 
(Liquid  System) . 

**  * 

Readings 

COLkECTOR  4.00P  . 

1.  Inlet  temperature  to  collector  

2.  Outlet  temperature  from  collector  „     

3.  Collector  temperature  to  heat  exchanger/ storage   

4.  Collector  temperature  from  he#t  exchanger/storage  >  

5.  Collector  *loop  flow  rate   ■ 

6.  Condition  of  collector  - 
•a.  Broken  glass?  ,  

^      b.  Dirt 4 accumulation?  [  ^ 

*7.  Surge  tank  level   _   


THERMAL  STORAGE  UNITS'  '  ' 

1.  Storage  tank  tempera tyre  (top) 

2.  Storage  tank  temperature  (middle/  r* 

3.  Storage  tank  temperature  (bottom)  •  * 

4.  Storage  tahk  temperature  (below  tank)  "  r 
*5.  Cool  storage  supply  to  cooling  unit 
*6  .  Cool  stora^  return  from  cooling  unit 

HEATING/COOUNG  LOAD  " 

1.  Storage/collector  temperatOre  to  load 

2.  Storage/collector  temperature  from  load 

3.  Load  flow  rate 

4.  Solar/auxiliary  valve  position 

5.  Heating/cooling  valve  position  — r 

6.  Return-  air  temperature  ^ 

7.  Supply  air  temperature 

'J.  V  ; 

^*As  appropriate  to  the  particular  system  design  « 


/ 


V 


Operations  System  Check, tist  (continued) 

Readings 


COOLING 

l!  Cool i rvg  tower  flow  rate 

2.  Cooling-tower  supply  temperature 

3.  Cooling  tower  return  temperature 

4.  Evaporator  temperature, 

5.  Condensed  temperature 
6*  Vacuum  (pressure) 

*7.  Air  flow  across  evaporator 
*8.  Liquid  flow  across  chiller 

DOMESTIC  HOT  WATER  (DHW) 

1 .  DHW  preheat  temperature 

'2,  DHW  auxiliary  tank  temperature 

3.  DHW  cold  water  main  temperature 

4.  Storage  to  preheat  temperature 

5.  Storage  from  preheat  temperature 

6.  Total  water  flow  cumulative 


THERMOSTAT  SEJTINGS  — 

House:  Heating 

Storage  tank:"  _9  Heating 

Auxiliary:        1  Boiler 


SYSTEM "LINE  UP  FOR  APPROPRIATE  MODE 


Remarks: 


Remarks 


Cooling 
Cooling  " 

Hot4  Water. 


< 
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*As  appropriate  to  the  particular  system  design 

is— 
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Operations  System  Check  List  (Air  System) 


COLLECTOR  LOQP 

1.  Inlet  temperature  to  collector 

2.  Outlet  tempprature< f rom  collector 

3.  Air  tgmp.  before  heat  exchanger 
4..  Air  temp,  after  heat,  exchanger 

k  5.  Collector  loop  air  flow  rate 
6.  Conditions  of  collector 
a.  Broken  glass?_  . 


b.  Dirt  accumulation? 


THERMAL  STORAGE' UNITS 

1.  - Inlet  temperature  fc  * 

2.  Storage  unit  temperature  (top) 

3.  Storage  unit  temperature  (middle) 

4.  Storage  unit  temperature  (bottom) 

5.  Outlet  temperature 

f  HEATING/COOLING  LOAD 

1.  Roomer  supply  temperature 
.   2.*Rooip  air  return  temperature 
'3.  Air  flow  rate  to  rooms 


Readings 


DOMESTIC  HOT  WATER  (DHW) 
-1 .  "DHW  preheat  temperature 

2.  DHW  auxiliary  tajik  temp,  setting 

3.  DHW-cold  water  main;  temperature 

4.  Air/liquid  exchanger  to  preheat  .temp  _ 

5.  Air/liquid  exchanger  from  preheat  temp 

6.  Water  flow  rate  through  heat  exchanger  _ 

* 

THERMOSTAT  SETTINGS 

House:  Heating  J  (< 

Storage  Unit:'  Heating- .  • 

Auxiliary:  "^Boiler  


Hot  Water 


ERIC 
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Operations  'System  .Cfreck  List 

*  4 

»  >  - 

(Liquid  System)    "  ' 

*    '  '  •  ^  Readings 

,      *  COLLECTOR  LOOP  .  .  * 

Y  .1.  .LnTet  temperature  to  collector   ~   

*  2'.  Oiitl et  temperature  from  collector  l' 
v        :  3.  Collector:  temperature  toUieat  excti anger/ storage; 

•' .  •  -  4.  Collector  temperature  froK&eat  exchanger/storai 
;   '    '.   >  5\ -Collector  loop  flow  rate  -  ^ 

•  *    ;.  6*Conti1tion»of  colleptpr  » 

i/5f-.a.  BroketLgl ass?'   

jr~    (_      b  i  *Jl£MCCumu  1  at  i  on  ?_  '_ 

>/  ■  .  \#*  •  SurglTiiBflevel 

Thermal  STJ5FAGP  uni'ts  .  -  w' 


.  l.)tbrage  tank,  temperature  (top), 
;  ,2.  'Storage  tank, temperature  (middle) 
TZi- Storage  tank. .-tempera ture*  (bottom) 
4.  Storage  •CSnk'-templWLture  (below  tank) 
*5.,  Cool  storage:  suppl^to  coo'l  ing**uni  t 
*6.%Cqol  storage  return  from  cooling  Ainit 


•      \%     ,t .  HEATING/GOOLING  LOAD  •    ,,  ._•  ( y  ;       ^       ^.  ,  ' 

•  -  .  j.  Storage/collector  'tempet&t.ure ' to  load    l& 

'  .    '•    *   "      /2:/ Storage/col  Ifector  temperature  from  load         ,    _ 

»'  3.*Load  flpy  rate      '  •    _ 

4.  Sol ar/auxi-liary  Valve' position  ,  '    * 

*'        '  5.  Heating/ cooling  .valve  position*-  •   ■         _J   . 

"..v  6   6.  Return. air  .temper/a  ture  -v    . 

*•*•'  7.  Supply  air  temperature  *        ;  *       ""v  _j   . 

•  **;  '  '♦As  approbate  to  the  particular  system  design 
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Operations  System  Check  List  (continued) 

» 

Readings 


Remarks 


COOLING 

>     *    *  * 
1-  Cocfcipg'  t0wer  flow  ra£e     .  . 

2.  Codnng*  tower  supply  temperature 

3.  Cooling* tower  return  temperature 

4.  Evaporator  temperature 
S^tondenser  temperature 
6/  Vacuum  (pressure?) 

*Z.  Air  fldw.acWss  evaporator 
*8.'  Liquid  f low  acros$s€r\t\\er 


DOMESTIC.  HOT  WAIER  (DHW)  . 

'1.  DHW  preheat  temperature 

2.  DHW  auxiliary  .tank  tempe 

3..  DRW  cold  waters-main  tamp^ 

4.  Storage  to  preheat  temperature 

"5.  Storage  from  preheat  t^ipera'ture 

6.  Total  water  flow  cumulative 


edBr' 
p^Pu 


7^ 


*  THERMOSTAT*  SETT  LNGS 

House:  *  .   *  r 
Storage*  tank:* 
Auxiliary: 


Heating'  

Heating   

Boiler. *  ^ 


Xooling  _ 
Coob'ng 

Hot  Water. 


SYSTEM  LINE  UP  FOR  APPROPRIATE/tfM 
Remarks  •:♦     *  W_  / 


ERJC 


*As  appropriate:tcrthe  particular  system  design 


4CL 


^7 


1 

i  # 

* 

_t 

*  i 

/ 
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/ 

♦  • 

0 

1 
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"Operations  System  Check  List.  (/Srir,  System) 
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COLLECTOR -LOOP 

•1*  Inlet  temperature  to  collector  . 
£.  Outlet  temperature  from  collector 

3.  Wr  temp. -before  heat  exchanger 

4.  Air  temp,  after  hea*  exchanger 
§.  Collector/loop  air 'flow  rate  „ 
6.  Conditions  of  collector 

a.  Broken  glais?  -   


b.  Dirt  accumulation?^ 


THERMAL  STORAGE  UNITS 
1.  Inlet  temperature 

^2.  Stoca-ge  unit  temperature  (top) 
3.  Storage. uni t  temperature '(fnidcJle) 
4/ Storage *  unit  tempera ture*{ bo f. torn) 
5.  Outlet  temperature//  •  •'*; 


HEATING/COOL  TNG  LOAD  .    \  , 
1 .  Room- ai  F 'supply  temperature 
2m.  Room  air  return  temperature 
3."  Air  ffow  rate  to  rooms  - 


< 


Readings 


DOMESTIC  HOT  WATER  (|JhW)' 

1.  DHW  preheat  temperature 

2.  DHtf  auxiliary  tarfk  temp,  setting  * 
DHW  cold  water  main  temperature 
Air/liquid  exchanger  to  preheat  temp^ 

•5.  Air/1  iquid  exchamjer-.from  preheat  temp 
6.-  Water  flow-rate  through  heat  exchanger 


THERMOSTAT  SETTINGS'. 

House:-'  Heating 
Storage  Unit:  Heating 
Auxiliary :  Boiler 


>*Hot'tfater 


•  /  \  .  .  .  .  •  TRAINING  COURSE  IN  ■ 
;  '  THE  PRACTICAL.  ASPECTS -OF'     '  *' 

SIZING,  INSTALLATION v  AND  OPERATION' OF  SOLAR  HEATING  AND  COOLING  SYSTEMS 

FOR  '  "  *     .  ■     '  • '  3 

PRESIDENTIAL  BUILDINGS* 


MODULE  13     '•  '-• 
RATING  LOAD  CALCULATIONS'/- 


■  \ 


/ 


SOLAR  ENERGY  APPLICATIONS'  LABORATORY'' v' 
•  COLORADO  STATE  UNIVERSITY" ; 

FORT  COLLINS,  COLORA^L^-^^;  *":.'-^>  •  • 
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GLOSSARY 


Design  Temperature     -  JLowest  temperature  encountered  in  the  locality 


Degree^Days^(DD) 


The  temperature_diffference  between. a  reference 
temperature,  65°F,  andlthe  average  of  the  high 
ajidjow  temperature  during  a  day  (°F-days). 

Example: 

high  temperature 
loV/  temperature 

average  temperature^  30+ (-10)  =  -|q0£ 


4 

=  30°F 
=  -10°F 


Degree -Days    =  65,-10  =  55°F-days 


Design  Temperature 
Difference  (DTD) 


'✓Design  Heat  %Loss 
Rate 


The  difference  between  the  indoor  design  temperature 
and  the  dutdoor  design  temperature  used  to  calculate 
heat  losses  from  buildings      ,  .  * 

0  » 

-The  heat  loss  rate  (Btu/tir)  from  a  building  based 
upon  the  Design  Temperature  Difference 


Space  Heating  Load 


Design  Heat  Loss  RateJFivided  by  the  Design  Temperature 
Difference  and  the  quoffent  multiplied  by '24  hours 
(Btu/DD)  -  - 


Average  Heating  Load 


^tece  Heating  Load  multiplied  by  Degree  Days  fo^the  day 
Imth,  or  year  (Btu)  <  \ 


v. 
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Jr 


*     INTRODUCTION  . 


J*  r 

/There  has  not  been  much  need  in  the  past  to  make  detailed  heat  load 

calculations  for  residential  builcWngs  because  the  HVAC  contractor  "knew",. 

■s. 

from  his  experience,  the  size  of  furnace  that  a  particular  building  would 

-  • 

require  in  a  given  area*  Furnaces  have  been  eharactekistidally'oversized 
for  residential  buildings. 

Hating  loads  for  buddings  with  solar  sys.tems  should  sbe  calculated 
because  the  size 'of  the  sol\r  system,  and  estinlte  bf  the  fraction  of  the' 
annual  heating  load  which  a  solar  system  can  supply,  depends  upon  the 
annual  heating.load  of  the  building.    Furthermore,  the /determination .of 

the  economic  v i a b i^TTty^T^  solar  system  is  dependent  upon  the 'size  of  

the  solar'  system  and*  the  annual  heating  load/  . 

'  OBJECTIVE 


Tfie  objective  of  the  trainee  is  to  be  -  able  to  calculate  the  design 
heat  load  (maximum  Btu  per  hour  requirement),  average  heating  loads  for 
January,  and  the  average  annual  heating  load  for  a  fjarticular  building., 


HEAT  LOAD  FACTORS-  >. 

t  * 

The  heat  lo,ss  from  a  building  is  calculated  on  the  basis  of  the  * 
wall  and  ceiling  areas. of  the  building,  tfce^heat  loss,  coefficients  for 
heJ^ransmission  through  .the  walls  and  ceiling,  the  difference  between 
yRie  indoor  and  outdoor  temperature,  and  the  infiltration  of  cold  air 
into  the  building. 


13-2 


RESISTANCE  TO  HEAT  FLOW  (R)  AND  COEFFICIENT- 
OF  HEAT  TRANSMISSION 


^Values  of  the  resistance  to  heat  flow,  R,  and  the  coefficient  of 
heat  transmission,  U,  vary  considerably  for  different  materials.  The 
resistanb^R,  has  units  of  (hr) ( ft2) (*F  .temperature  d1fference)/Btu 
and  is  the  reciprocal  of  Tieat  conductance,  C.  *  For  a  given  material 
and  thickness.^  fe-  * 

.  ..   -  •  a  -  • 

■  R  =*1/C  - 
where  C  is  the  conductance  in  Btu/(hr) (ft2)(°F) .  x 
The. thermal  conductivity,  k,  is  the  rate  of  heat  conduction  through  a 
unit  area  of  surface  for  a  unit  thickness  of  material.    The  units*  of  k 
in  this  manual  are  (8tu)(in .)/(hr)(ft2)(°F) .    If  k  is  known,  the 
resistance  may  be  calculated  from  • 

R  =  (1/k)  x  (thickness  of  the  material )f 
Values  of  R  are  additive,  and  the  coefficient  of  heat  transmission, 
U,  is  the  .reciprocal  of  the  sum  of  the  R  values: 

I,  _  .         1  -    1    •       1    ....  Btu  

*  u  "  R] +R2  +  R3+ .-. .     "  iR      (hrXft^)(°-F  temperature  difference) 

.  1  Some  values  of  R,  U,  and  1/k  are  given  in  Table  13-1. 

HEAT  LOSS  RATE    .       .  ' 

The  rate  of  heat  Toss,  h,  >in  Btu/hr  through  a  surface  of  area,  A, 
with  a  temperature  d^ference% across  .the  twp^ides  of  the  surface  of  AT, 

*    <y  '  *****  *  *'       '  *  ■         •  / 

is:       .  -  %  ^  -  t 

h  =  UAAT  -_-  '  <    '!\r'."  '  [13-1] 

*  .  '  * 

v^fere  A  is  in  square  feet  and- 

AT *is  in  degrees  Fahrenheit 


Values  of  R,  U,  and  1/k  forborne  Structural  and  Finish  - 
Materials,  Glass,  Doors,  Insulation,  Ail*  Spaces,  and  Surface  Air  Films  t 


v_  1  1 


4/* 


Material  sVl  •  ! 

l/k 

R 

-  u 

Wood  bevel  "siding,  .5- x  8,  lapped, j\ 
Wood  siding  shingles^  16M  x  7.5"  exposirre 
Asbestos-cement  shingles         t     1  \  ' 
Stucco    "          -          *             \  \ 
Building  paper           .        .  \ 
l/2Mhail -base  insulation  board  sheathing 
Ins.ulation  board  sheathing,  regular  liens ity  . 
Plywood       1                                •  \ 
1/4U  hardboard  \ 
-  ^Softwood  board                                  \  , 

0.20 

2.63 
1.24 

1 .25 

}  0.81 
/  0.'87 
0  21 

0.06 
1.14 

0.18 

• 

,  6- 

Concrete  blocks,  3  oval  cores     '  \ 

Cinder 

4"  thick  \. 

1.11 

* 

Aggregate 

12"  thick  . 

/1  ;.89 

8"  thick  ' 

1.72 

Sand  and  gravel  aggregate, .8"  thick 

1.11 

Lightweight  aggregate,  8"  thick  .  x 

4  

2.00 

'  Concrete  blocks,  2  rectangular. cores  .  \ 

Sand  and  qravel  aggregate,  8"  thicK  r 

1.04 

Lightweight  aggregate,  8"  thick  \ 

2.18 

/  . 

Common  brick      .  ■              *               .  \ 
Face  brick  \ 
Sand-and-gravel  concrete    .             „         \  ' 
Gypsumboard" (plasterboard)  ■       -         -   -  \ 
.5"  lightweight-aggregate  gypsum  plaster  \ 
\o  25/32n  hardwood  finish  flooring  \ 
Asphalt,  linoleum,  vinyl ,  or  rubber  floor,  ti^e 
Carpet  and  fibrous  pad     &                  -  (  \ 
Carpejfand  foam  rubber  padT 
Asphalt  roof  shingles            .  ^ 
Wood  roof  shingles                  '  s 
3/8"  built-up  roof                               *  \ 
Basement  floor  below  grvade      *                    '  \ 

0.20 
0.11 
0.08 
0.90 

/ 

i 

0.32 
0.68 
0.05 
-2.08 
1*23 
0.44 
0.94 
0.33 

0.06 

Glass 

*  \  * 

£  

Single                 ;                      .  7T 

1 .13 

Double 

1/4"    air. space                        -  \ 

i 

«*65 

]/2"    air  space  , 

• 

0-58 

Triple  ■ 

1/4M    airspaces  ' 

Q;'4.7 

1/?M    air 'spaces 

9  * 

0.36 

Storm  windows  (1-4"  air  space) 

—  — —  —  — s  ; — '  7~ 

/ 

 X- 

/ 

0.56 
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Table  13-1  (continued) + 


_Solid  Wood  Slab  Door  U  Values': 

JiLihick' 


1.25"  thicIT  


1.50"  thick 
2.20"  thick 


No  'Storm 
•Door 


0.64 


0.55 


0.49 


0.43 


Storm  Door 


Wood 


0*.  30 


0.28 


0.27. 


0.24 


"Si  • 
Insulation: 


0"  thick 


2.0-2.75"  thick 


.3.0-3.5"  thick 


3.5-  3.625"  thick 


5.25-6.5"  thick 


6.0-7.0"  thick 


1/k 


3.58 


3.58 


3.58 


3.58 


R- 


0 


7 

TT 
T3~ 


19 


22 


Approximate  U  values  for  ceiling,  walls,  and  floors 
*  (tither  tbanc concrete  slabs)  with  given  insulation  (R 
value).  If  heating 'unit  is  in  the  basement  and  if 
ducjs  or  pipes  are  uninsulated,  no  floor  loss  calcu- 
lation is  necessary.  For  floors  over  unheated  base- 
ments, use  1/3  of'the  approximate  U  value  given  or 
1/3  of  'the  calculated  U  value.  For  floors  over  in- 
vented crawlspaces  with  insulated  crawlspace  walls, 
use  1/2  of  the  approximate  U  value  given  or '1/2  of 
the  calculated  U, value.  For  floors  over  vented  #crawT 
spaces  or  other  open  spaces,  use  the  approximate  U 
value  given  or  the  calculated  11  value.  Use  of  the 
approximate  U  values  given  Jiere  Yo^r  a  given  R  value 
will  usually  result  iri  a  higher  heat  load  than  will 
actually  be  the  case.  y 

*• 

t 

0 
7 

n 

13 
19 
22 

0.28* 
n  11 

0.08 
0.07 
0.05 
0.045 

• 

• 

Concrete  Slab  Floors:  Use  linear  feet  of  exposed 
length  of  slab  edge  in  place  of  A:h  =»  U  (lin.  ft)  AT 

1"  x  24"  insuJation 

0.21 

1"  x  12"  insulation 

0.46 

No  insulation 

0.81 

Air 
Spaces 
^3-4n)^ 

Heat  Flow  Up 

*■ 

Non-reflective 

0.87 

Reflective,  1  surface** 

2.23 

■Heat  Flow  Down 
or  Horizontal 

Non-reflective 

1.01.  „ 

Reflective,  1  surface** 

3.50  * 

Surface 

Air 

Films 

Heat  Flow 
,  Up 

Non-reflective     *  . 

0.61 

Reflective 

1.32 

Heat  fjtow 
Down 

Non-reflective 

0.92 

Reflective  -  t 

4.55 

Heat  Flow 
Horizon tal 

Through  vertical  surface, 
non-reflective  • 

0.68 

*  Outside  (15jnph  wind) 

0.17 

*  When  R  =  0,  actual  U  values  may  range  from  0.2 -to. 0.5 
**  The*  addition  of  a  second  reflective  surface  facing  the  first 
.  reflective  surface  increases  th&  therntfV  resistance  values  of 

an  air  space\only  4  to  7%.  ^    #  , 

t  From  ASHRAE  Handbook  "of  Fundamentals *' 


..  The  temperature  difference  that  is  used  to  calculate. the  heat  loss 
•   rate  is  the  difference  between  the  room  temperature,  Tp,(  and  the  design 

r 

outdoor  temperature,  TQ;      -  .  , 

•  » 

AT^  TR  :  TQ  /  [13-2] 

m 

The  room. temperature  is  nominally  70  degrees  and  the  design  outdoor 
temperatures  are  listed  in  Tabl£  13-2  for  many  cities  in.  the  United    *>  . 
States.    Also  lifted  on' the  table  are  monthly  and  total  annual  heating 
degree  days,  which  will  be  utilized  in  the  heating  load  calculations.  * 
Table  13-2  is  located  at  the  ^nd  of  this  module  for  the  convenience  of  ^ 
the  user. 


CONCRETE  S1ABS  ON  GRADE 

 ;   *  '     ,  • 

the  heat  loss  rate  from  concrete  slkb  on  grade  is  calculated  on  y 

*».    <the  basis  of  exposed  edge  length  rather  than  on  floor  area.    The  heat 
v 

loss  rate  is: 

h  =  U  (linear  feet  of  exposed  slab  area)  AT  %[13-3] 

where  AT  Is  the ^difference  between  indoor  and  ^ver'age  outdoor 
-    -     temperature  in  decrees  Fahrenheit. 

The  li  values -are  listed  in  Table  13-1.  * 

.  ^, 
*"         »«*  * 

BASEMENTS     ,  -  *  \ 

Basement  floors  below  grade,  have  a  heat. loss  rate  of  about 

V 

'  1  Btu/hr     1  .     In  Table  13-1,  for  basement  walls  below  grade, 
•    ft*  of  floor  area;  • 

U  =  0.06  Btu/(hr)(ft2)(°F).  The  temperatt*re;difference  is  the  indoor 
temperature  minus  the  ground  temperature,  and  the  ground* temperature 
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is  often  assumed  to  Bfe >the 'same  as.  grojind  water  temperature  and,  in  most 
regions,  can  be  assumed  to  be  about  45°F  in  [winter.- 

DUCT  HEAT  LOSS         ,  #  »  • 

[When  a  duct  is  installed  within  tfce  insulated  envelope^  there  is 
no  heat  loss  from  the'buil  din g^; ^  If  the  dfects  a i*e  located  in  crawl  spa 
or  ©utside  the* building  etfvelope,  afrout'lO  percent  of  the  heat  carrie 
by  the  duct  wlinSfcost,  -  '  /f 


i 


INFILTRATION  HEAT  LQSS  ' 

^  The  cold  , air  $ha*t  enters  a' buil difi^through  o^en  doors,  windows 

f  •  *    #  '  * '  .     -  «  *  *  ^  T  * 

^nd,  cracks  arourrd  doors    and  windpws  constitute!  a  heat  loss  because? 
the  cold  airv displaces  the  warm  room  air  and,  the  cold -air  must  be 
heated  to.  room  air  temperature.    The  infwtratiftnf.  heat  *l6ss  rate,  can 
be  computed 'from:       ,    ,   .     -*  ^         *  1  ^/ 

.     "      •  h>  0.01,8  v1aT)\  ^     '        _  /  [13-4] 

-  »    wh£f%  'V  is  the"'  volume  fl-pw  rate,  cubic  feet/of  coldtair  per  hour  and 
\  "         ^AT  is  the  ^difference,  ij^indoojr  and'*  outdoor  air  temperatures. 
Tfre  volijffie  ffawjs  thl  air  change  rate  per  hour.  ^Jp?  normal  residential 
buildings,  the  a-'ir'  chagg^irate^eYages^about  or>ce  per  .hour  for  all- 
rooms  located  a bcke  'grades  .  ■ 


•   "  •  £■ 

•space  Heating  loait 
1        ■  •  V 


The  ^urn  of  the. heat' transmission  lo;s§es  through'tbe  bt/ilding* 
enclosure  "and.  the  infil  tration  .losses  is  -the  design  hourly  he'at 
loss  rat&  for  the  building.    The  space  .Keating  lo^d  'for  a  building,. 
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based  on^heating  rfegree^dw  (DD),  'f§  calculated  from  the  design  heat  loss 


rate  as- follows:  *  ,  "  ^,  ,  : 

r  jgfjgj^j^   X  24  .  Space  heating  load,  Btu/DD  [13-5] 

*  -  The  .monthly  and  annual  heating  loads  are  then  calct^ated^sing  the  heat- 
ing degree-day  values „in  Table*' 1 3-2  as.: 

^        •         Keating.' Load"  (Btu)  =       X  (heating  degree-days),  *  [13-6J 

*  ''4  •  •  . 

•*„•.-•" 

t 

'As  an  .example,  assume^ that  a  building  has  a  heat  requirement  of  16,000 
f  *  '  ' 

_T,      Btu/DD.    The  January  heating  degree-days  is*  1000,  and  the  .annual  heading 

'.   '  degree-days  *is"  5000.    The  heat. required,  in  January  is: 
■   "4    16^0*00^  X.  1000  DD.=  16  m  Btu  *&  ' 

•  v  % 

and- the  annual  heat  requi recent  ,is %  ^  ^ 

.  1         '  *  * 

•  Si  .         >.J6,000  t£t  X  5000  DD  =  80,01  Btu  per  year,  .  * 


v     „  DOMESTIC  HOT  WATER  HEATING  TSOAD     '  /  - 

'   %  *  ^    .  - 

The  amount  of  hot  water  used  in  residential  .buildincub^s  about  20 

/  •  *  •  *rA  *  ' 

gallons  per  person  per  day  and  the  Ji£at Required  to  raisa  tjie  temperature  • 

'  the  incoming  water  from.a'bout  40°F  i-n  vinter  -to  140°F  cwj  be  computed, 

*  <  *    *  • 

'      frorfi:         ' '  "  •     ^  '  ■     * •      •  * 


1  X  U40-Jl0oF)  X8:34g^i 


1 


or>  .        Hw  -  (No,  of  occupants)  X>,68(r  (persff( 
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EXAMPLES 


EXAMPLE  13-1 

In  this  example, s  calculations  are  made  to  .determine  the  0  value  of 
an  exten of^wal  1 .    The  1/k,  R,  and  Upvalues  anTgiven  in  Table  13-1n  : 


— r77^ —              .  ' 

Thickness 
inches" 

JR  value 

1/k. 

Uninsula- 
ted r  1 

Irisula- 
.ted 

Outside  surface  air  film  (15mph) 

0.17 

'  0.1  J  • 

Wobd_bevel  siding,-l/2  x  8,  lapped 

0.81 

,0.81 

Ins.  bd.. sheathing,  re£.  density 

.5  * 

2T63 

1.32 

1  ..32  • 

A.ir  space 

'  3.5 

1:01 

•* 

Insulation. ' 

3.5 

0.00 

11  •  " 

Gypsumboard 

.5 

.0.90 

0.45 

o.4£.  • 

Inside  surface  air  frlm 

0.68 

.'  0.68. 

.  Totals  (z) 

4.44 

14.43  : 

For  the  unirvsula4d  wall,  U  -  1/IR  =  l/.4:44  =  0f23  Btu'/(hr) (ft  J(°F) ,  r 
Which '.is  lower  than  the  approximate  -  value, of  0j28  given  in  Table  13-1. 
-Fof-the  ins'ulated/wHl,  U  =  *\/ZR  =  1/14.34.=  O.07*  Btu/(hr)'( ft2) (°F) , 
which  compares  to  the  value  of  0.08  given  in  Table  ,13-1.  Variations 
can  occur 'with  the  .materials  used  in  thrall  <  *  .' 


EXXMPlE  13-2 


<  -  Calculi  the  January  heating  .load  (Li  Btu/mohtlV)',  and  the  annual  % 
heatirvg  Xsad  (Hr  million  Btu)  for  the  following  home:  • 


"Location:    Albuquerque,  Ne«r "Mexico 

Indoor  Design  Temperature^:,  70°F 
\  Ceiling  Height:    8'-0?  ' ,  , 


■13-9. 


^House,, Const  ruction: 

-  -VT  *  Exterior  Wall 

'     *  '  4"  common  brick 
<k-  1/2"  plywood 
.  .  ' '  *-v  2  x  4  studs 

R-lt  Insulation  '  *  -    ■  " 

1/2"  plasterboard 
m  :?too,r  xon^trtiiction  over  vented  orawlspace: 
•°   '  25/:$"  hardwood* finish  'flooring 
^  •     \    .  building  paper  *  .  . ' 

-  •  w    ,      1"  "'plywood  sub-.flodr./  ( 
.\  atr  s^ace        ' .  -  4 
'  R-l4  *insulation^(appl  ied,  to  underside  of  joists).  ,  • 
-  ^inclows:    Storm  windows        *  '  m  .  •      ,  , 

,  -  -Exterior:    1-1/2"  soVid  core'  door 
•  '    Ceiling  construction  with  vented  attic  spafcg  ajxh/e:,  • 
1/2"  'plasterboard         t     ,  \  f  ~*  • 

R-19  insulation  •   *  <   +         .  t 

v  •'<•  '  -A 

House  is  51 1  x  27'»,  and  has  of»e  wood  exterior  do&r  31  x  6'-8" 

and  one  double  glass,  wood  frame  si idi/n^g  patio <dotfr'*with  1/4" 
air  sj>ace,  7'  x,6'-8".    -  v  '*-    .  v 


Th$  windows  are  as  follows: 
dumber*     >         *$j  ze 


4 
.3 

,  1 
1 


6'  x  4' 
.   3'  .x  5' 

2s  x  3' 
•••5'  x  8' 


The  ducts  are  not  installed  vi thin  the  insulation  envelope. 


Solution 


Compute  the'U  values^for  the  various,  building  sections  a's  follows: 


Exterior;  Wall 

Thickness 
.  inches 

l  /k  ' 

R 

Outside  surface  air  film*(T5 

mph)#. 

0.17 

Common  t>rkk 

•     4  *  • 

0.20 

a.  80 

Plyvfcod 

»  * 

1.24 

f 

0,62 

R-'ll  jnsulatipn  * 

ll 

Plasterboard 

»  * 

.5 

0.90 

0.45 

♦ 

Upside  surface  air  film 

t  • 

0.68 

.*   '               *  Totdi 

(£) 

13.72 
*  > 

U  =  1/ER  =  1/13.72  -  0.07  Btu/(hr)(ft2)(6F)< 
...       .  *  *-      *  *  • 


ERJC 


357 
■  '  % 


v  -     ♦       '                 <           .  r 

•»  «* 

•Floor  v 

Thickness, 
inches 

Inside  surface  air  film  t  "  . 
Hardwood  finish  flooring' 
'Building  paper          ...  - 
Plywooci  sub-floor  .  '  ^ 
-Air  space  % 
v  R-ll  insulation 
\  Outside  surface  air  film     *  . 

25/32 

• 

■  -  .1 

-  * 

1,24 

*  f 

0.'92 
0,68 
^06 
1:24 

V 

1,01 
0.47 

,  ^              V   ,       lloial     (2)  * 

15.08 

t/l/lR  =  1/15/08  =  0.07  B^u/(hr)(ft2)rF)  .  .        >  ' 

*  Ceiling             ••  %'  fe; 

»                             *  '  

Thickness 
'incftes 

R 

"   Inside,  surface  air  film  ^ 
•Plasterboard           •  ■ 
R-19  insulation'  t-     .  m\ 
Outer  surface  air  'filnf          ^  ^ 

i 

0 

p 

0.9 

> 

0.61 
0.45 
19 

0.17  ' 

x     *    ■             '  v       Total    ,(z)      #     •  •    ■  ■ 

20.23; 

_  .       jj,  ,=  J/ER  ="  1/20.-23  =  "0.05  Btu/(hr)rft2K°P) 


■       The, winter  design  outdMr'S!per3lare'-for4  Albuquerque,,  Hew  Mexico, 
is  given  in"  Table -\±>2  \s  14°F;'  With. the  rooni  temperature  set. at  70oF; 
*,  aTVk  -'T:»=  70*-  14  =  560F.'  ,The  value's  pf  U  for  this  house,  are  % 
\z»  summarized  below:  9    *  * 

;        *'   '  -:»-». 

' '  .  '  '  • 4    •  ExteWor  wall.  5 
-  .  WindQws    ■   . .  * 

V.  '•■   r   ;  FTbor*    '        '     .  ; 

-  'Ceiling 

•  Exterior  door.  -  ■ 

(1-1/2"  solid  core) 

.Double  gl^ss  sliding' 
"'patio  door  " 


0.65 


...  The  heat  loss  calculations  and  tfcje -domestic;' hot  water  load  can  be 
systematized  by  us^ing  worksheets  TA-1 .   the  heating  loads  for  the  house 

f  of  example  1  are'worked  out  on- the  worksheets  .shown  on  the  following 
pages,.  Addi'tioij^l  worksheet  blanks  aret  included  at  the  end  of  this* 
module. for  the  convenience  of  the  user.    It  is* suggested  that  extra  . 

,    copies  be  made  for  "office  , use 'from  the  blank  copals  that  are  provided. 


T 

r 


*  \ 


s 


• 


v 
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)    \  *  .       .  .     >^  Sheet    1  -of  2 


i«'  "A   1  Jt<  :  .  !"'"".--.  .  Worksheet  TA-1 


s 


-A  -         \-   Buildin#Heat.  Load  Calculations 

*  yJob  '  Example.      13-2  -  Number  of  Occupants  ;  ±  . 

'  Computed  bv   .    .  1     '   Da*eJ£k2    /ff,    /f?7  • 

.     Location     Albuquerque,        N>M.   Latitude  ■  ^35^N^ 
-    "  Indoor  temperature.,' ,TR,                   70  _0f: 

'   Design  winter  outdoor  temperature,  'o.. 

'„    Desn'gn,  temperature  .difference         .  5& — °F  ^  • 

Design  decree-day,  65,-  T0t   — °F  ■  , 

Building  Dimensions;.  (  9 

...Above  Grade:    Length  5/  ft    !Width_*7_ft    •* Ceiling  Height_8_ft 

'     •    Below  Grade:    Length    O  ft  ■      Width__0_ft        Depth  0_  ft 

^on^rete  Floor  Slab:  .Exposed'  per.imeterj_0_ft»~  ^ 

^xterWr  Wall  Area:    _jJj^4ill2l^A  c     ft  '  # 


W.indow  Area:  •  **Ci*4)   *  '3*C3*5Y+  2*ft*S)l 


Door  Area:  '  *W    iW  :  3*  t'-i"  =  fcL^ 


vNet  Exterior  Wall 
Area':  * 


Cei.lin§  Area: 

*    .  1 

Fl.oor^Afe'a  >  - 


vn,£/  ■»  Ml.* 


>  '  — *  

Basement  WaTI  Area:]  Ql. 


iteating  Degree-Days:*'  .January       fJQ  *°F-days 
«.        .  -VAnnUlf,  _>3^'°Frdays, 


*  From  "Fable  J 3*2/,  . 
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Worksheet  TA-T 
Sheet    2-   of  2 


•   U  . 
Btu 

;{t(hr)(ft^)(°F)' 


A* 


j5l 


h  =  UA  AT 
■fetu/hr  • 


Exterior  Walls  (net) 


,  Q.Q7 


Basement 
♦Walls 


Above  grade 


Below  grade 


Windows  • 
and 

SI iding 
Patio  '  > 
Doors  . 


Single 


Double 


n  io 


Triple 


Storm 


ao7 


Exterior  Slab  Doors 


Q.-V9 


2cl 


Floors 


Over  Crawl  space 


0.  67 


/377 


<S~V<9Q 


Concrete  SI  ab  on  Grade 


Basement 


Ceil ingA 


Q.  0^      1^7.7  i  <S"<* 


.Subtotal  (walls,  windows,  doors,  .floors,  ceiling) 


Infiltration.:  (0. 018)  x J7x5"/  x.A  ft3  x   5t/>  ?F 


Duct  =  10;  of  subtotal  (if  ducts  not  in  insul ation  envelope)  . 


2  ISO 


Design  Heating  Lo.ad:  Btu/h* 


Design  Heating  Loadi-'-Btu/DD  \  ■ 

Design  Heating  Load' (Btu/hr)  X  (24  hr/ffesign  TD) 


January  Heating  Load:  .  m  Btu 
{Btu/DP)  X  (January  DD) 


Ann'uaJ  Heating  Load:    m  Btu 
.  •  (Btu/DD)''X  (Miual  OD)  ' 


DOMESTIC^HOT  WATER  LOAD, 


Number  of  occupants  X-J6',680  Btu/'day 

January  Load    (m  Btu)  (Btu/day)  x  31  x  10"°  . 

—2ul  

Annual  Load    (m          (January  load  x 1 2) 

.  r 
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-  PROBLEMS 


(  - 


PROBLEM  1 3-1  r  ■ 

For  the  home  plan  shown 'in  Figure  13^  calculate  the  January  and 
annual  heating^ads.    Assume  that  an  intefnaT  temperature  of  68°F  is 
to\be1ftaintafyed.  <The  home  is.  locatedM'n  Fort  Collins,  Colorado, 
where  the  design  winter  outdoor  air  temperature  is  -9°F.    The  three- 
bedroom  ho>ne  will  be. occupied  by/four  peoples  The  first  floor  ceiling 
height  is  97  inches,  the  entrance  hall  ceiling  height  is -111  fnches, 
and  the  basement  ceiling  height/  is  ,92, inches;   The  entire  basement-  is 
tfelow  grade -and  is  heated.    The  entrance  hall'  has  a  concrete  slab 
floor  with  no  periineterH^ation..-  All  ducts  are  within  the  building 
envelope.    Basement  walls  are  7.5-inch  thick  concrete. 

All  exterior  doors  are  in  the  hall..  Their  s\zes  are  given  in  the 
following  table:  { 


r 

Door  * 

Thickness 

Size 

'  Fronl  door          ^*  5 

2  doors  between  entrance  hall  and 
garage- (each)  t 

2  sliding  patio  doors  (ftfeta^frame) 

 one  single  glass  and /one  double 

glass  (.25*  air  spadj)  each 

1.5" 
1.5" 

arx6&" 

80" x  29" 
80"  x  35. 51' 

9 

The  house  contains. the  following  windows,  which  are  all  storm  win 
except  as  specified': 


* 

Window  -I 
_  ^_  , —  ;  

Size 

Entrance  hall  (single  *gl ass)  — 

Kitchen  window 

2  dining  room  windows,'  each 

2  living  room  (.25n  air  space)  double 

glazed  -(not  storm  windows),  each     ,  s 
2  living  room  picture  windows,  each  / 
4  bedroom  windows, -each 
'6  abasement  windows,  each 

16"x~57"; 
32"x35"  .  . 
32" x  43"  > 

13"x61"- 

;       47"  x  53" 
32"  x  43"  s 
«     21 "  x  32" 

13-15 


^      >  **  A.  * 

«  ^  3?    ,   <t  %  <t 


50'€" 


26' 3" 


-A 


\ 

* 

* 

1 

fir^:  floor 

with  full  • 
basement  % 

%        '  ** 

r- 

v  _ 

entran^  hall 

\ 

unheated  garage 

i 

? 

T 


CM 


CO 

i 


.Scale:    1"  =  10' 
Figure  1 3-1 


9  *  ^ 

Outl.ine  of  the  Building  in  Problem  \.f 

,  » -         _  *  • 
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.The  ceiling  cons-ists  of  l-/2-inch  plasterboard  and  insulating  batts 
5-1/4"  thick.    The  exterior  wall  consists  of  1/2"  plasterboard,  3-1/2"* 
batt  insulation,  and  1/4"  hardboard  -siding.    The  January  heating  degree- 
days  for  Fort  Collins  is  T ,250  (°F)(days)  and  the  annual  degree-days  is 
6,300  (°F)(days).  This  hotfie  is' heated  with  natural  gas*.  »•  ■ 

Answers:     ;  ,  • 

The  January  heating  load  is' 20.8  m  Btu  and  the  annual  heating  load, 
is  104.6  m  Btu. 

—  •  #* 

WORKSHEET  TA-1 

Extra  worksheets  TA-1  are  provided  with  this  module  for  solving 
problem  13-1  of  the  preceding  section.  ~  The  forms  may  also  be  used  in 
general^ practice. 


r  \ 


REFERENCES 

'"v     ■*  -\. 

Load  Calculation  Guide  (1  and  2  Family  Dwellings)  fan Keating  and  , 
Air  Conditioning,  Better  Heating  and  Cooling  Bureau,  Sfte^-Metal 
and  Air  Conditioning  Contractor's  National  Association,  Inc. 
- ( SMACNA ) ,  8224  Old  Courthouse  Road,  .Tyson1 s  Corner,  Vienna,  Virginia, 
197-5.*  ,  •  . 

Loan  Calculation  for  Residential  Winter  and  Summer  Air  Conditioning 
manual  J,  National  Environmental  Systems  -Contractors  Association 
(NESCA),  1501  Wilson  Boulevard,  Arlington,  Virginia^  Fourth  Elitton, 
;SeconcllPrint,ing,  1975.  ,  <• 

Insulation  Manual ,  NAHB  (National  Association  .of  Home  Builders)  . 
Research  Foundation,  Inc.,  P.O.- Box  1*627,  Rockville,  Maryland, 
September  1971  '  \.  *f 
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:  <  i  \jS     ■  ?  *  •  ■      ■        '     '     •       '    ,  C  ?    .......  ■  ■  ■ 

A ;  •  .      ,  I  t  f  ,  :  -        •  ,  "  . 

'  ,  '    '.J3-17       •  Worksheet  TA-1  k 

Sheet  _1_  of  _£_ 

Building  Heat  Load  Calculations 

09b       SoluM**  -frf  Prob  ■  jVli  Number,  of  Occupants    4  - 

'  Computed  by  .   Date  J&/i  \  _  . 

Location     fhrf  '  Cbllin  s  ,      Colo.  Latitude     .  4o+°"N        '  * 

*  '  •  '  7 

!■  Indoor  temperature,  'r, 

 ' — '  

''"Design  winter  outdoor  temperature,  TQ<t  ^3  °F      *  ,  -  '  " 

-  Design  temperature  difference   77  °F      4  ■ 

-Design  degree-day,  65.-  Tp,        .; ,        72,  °F'         t  • 

Building  Dimensions:  *  •  * 

2.  Above  Grade:    LengthjH^Lft    %  Width  27*6  ft   ,     Ceiling  Height   g  jff  &*S)  tfa/f 

•Below  Grade:    Length  ft    7W  Width    j   ft    .    Depth        7*  4  7  -ft 

Concrete  Floor  Slab:    Exposed  perimeter  ft 

*  •  *     *  • 

Exterior  WaU  Area:                  +Z7.(?}  X  Z  -  (l&.lS*t)  t  " 
Window  Area:          .    (7  v  £17  X 2-9*)  *  (z  *IJ&  X  3.5Y  W  " 
Door  Areaj  (£"7  S  X  ,£frg  )   

,*  Gar*)*.  fax&y?*.iti)  Pah*  (£;c?)<Z.9L)>i  ~ 

Net  Exterior  Wall         /038  t  179  +  ZVb  -  /6o~-27         ~  3?  ~<*5 

Veiling  Area:       •      (fo.¥*n(>)*(9.6?>clkf5)     t  / 645  ft*  * 


•    Floor  Area:     V  _JdD_$L*k  ^' fr  €\CpoiC<i  C^e.  

'  Basement  "Wall  Area:       7-67*  (So.// 37. 6,^2.   -    2$     /     / ^ 


Heating  Degree- Days:*,  January     12.50  °F-days 

Annual  '   i^OO    °F-days  *  • 


♦*  From  Table  13-2  . 


.  13-18 
t  ■ 


Work's heet  TA-1  * 
Sheet   2    of  2 


Subtotal  (walls,,  windows ,  .doors ,  floors,  ceil ing) 
Infiltration:  (0.018)  *^^*ifc,af  t?x  _^21  F 

 —   —  T a  .tn~i  


Duct  =.10. /of  subtotal  (if. ducts  not  in  insulation  ^nvelope) 


Oasi-gn  Heating  Load:  .  Btu^hr 


Design. Heating  Load:  Btu/DD 

•     Jtesiljn  Heating  L6ad.(B.tu/hr)  X  (24  hr/Design 


January  Heatirig  load:    m  Biu 
(lBtu/DD>  X  (January  DD) 


Annual  Heating  Load:    ffl.  Btu- 
(Btu/OD)  X  (Annual  DD) 


*  AT  ■  TR  -  45' 


DOMESTIC  HOT,  WATER  10AC 


m   ^                                                                           '•     "  1  — 1 

'Number  of  \cupant's  X  16,680  Btu/day 

•<?./, 

January  Load    {in  Btu)  (Btu/day)  x  3-1  x  1.0"6 

Annual  .Load"  (m  Btu).  (January  ]oadxl2) 

'      *  Is 

* 

U"  , 
Btu  • 
.(hr)(ftO(°F) 

'A  / 

AT  °F 
'  (.TR  " 

■o) 

U    -    !  IA  aT 

Btu/hr-*  ' 

Exierior^Wall  s  (net)     V  • 

.  Oo 

77 — 

-jo 

^Basement 
Walls    .  ' 

Above  grade 

Below  grade 

* 

Windows 
and  • 
Sliding 
Patio- 
Doors 

Single 

-  /./a 

77 

Double  k 

3/ 

7*7 

/  / 

 i—   .  ~  

Trip-le      -  *       *  .  , 

Storarr  •* 

/38 

11 

frSVv  — 

V 

Exterior  Slab  Doors 

S#  /  — 

11 

,Floors 

Over  Crawl Lpace    ,  * 

Concrete  SI  ab  on  Grade 

6-8/ 

•w  ' 

.  Basement             «  •* 

/W7  . 

Celling            '        „  ± 

.OS"  ' 

-77 

/a.  790 


-</9,776~ 


7*f 


07  7 


9 

ERIC 


366 


Table  13-2.1   Data  Values  fbr  Heating  Loadd*  Computations* 


I  ■ 


vERLC 


367', 


NORMAL  TOTAL  HEATING  DEGREE  DAYS  (Base.65°); 


Des'tgn  TQ°F 


STATE. AND  STATION 


ALA: Birmingham 
Hunxsville 
"Mobil ei  • 
Montgomery 

ALASKA:  Anchorage 

Annette 

Barrow        *  - 

Barter  1$. 
.Bethel  - 
^Cold  Bay 

Cordova  „  ,    v  - 

'Fairbanks  ' 

•Juneajj 

King  Salmon 
"Kotzebue.'  '{% 

McGratlv'  • 
!  Nome     ,  . 

Saint  'Paul ,  . 
•'■Hjjbhemya 
\Yakutat  * 

AfifZ:  Flagstaff  , 
Phbenix 

Pires'cott    .  > 
«*  Tucsqn  '  <, 
'Win?!  ow\ 
'  Yuma'  •  '       .  jj  * 

ARK;>  Fort  Sjajth 
Ltttle 
Texa"Vkari&  .. 

CALI,F::  Bakers  field 
"Bishop.*      '  • 
.Blue  Canyon,  c' 
r'Burbanlj, 


JULY- 


0 
'0 
0 

".0 

245 
242 
"803 
735' 
3-1 
474' 
366 
1-  .171 
301 
313 
381 
208 
481 
6'tfB 

338 

••*6 

,0 
0 

"  0' 
0 

p 

,  o 

.  0 

0 
jO 
,  34, 
«.  0 


331 


AUG 


>0 

0 
0 
0 


291 
208 
840 
(J75 
394 
425 
391 
332 
338 
322 
446 
338 
49^ 
539 
475 
34.7 

68 
'  0 
,  0 
0 

.  0 
'.  ft 
•  0 
-0 
.  0 

0 
0 


SEPT 


"42T 
0 
0 

516 
.327 
1035 

987- 

6 

•52 
522 
•642 

513 
723 
633 
693 
-612 
501 
474- 

201 
0 
27 

•  0 
6 
.0 


9 
0 

0 
42 

50 L  120 

'••6 


OCT 


93 
127 
22 
68 

930 
567 
1500 
1482 
1Q42 
772 
781 
1203 
725 
908 
'1249 
1184 
1094 
~862 
•784 
716 

558 
.22 
245 
w25 
#245 
0 


12-  127 


4*7 
78 

37 


'347 

•  43 


NOV 


363 
426 
213 
330 

1284 
738 
1971 
1944 
1434 
918 
1017 
1833 
921 
1290 
1728 
17911 
1455 
963 
.876 
,  936 

867 
234 
.  579 
231 
711 
1^8, 

45,0 
465 
-  345 

282 
2481-  576 


579 
-177 


DEC 


555 
663 
357 
527 

1572 
899 
2362 
2337 
1866 
1122 
1221 
2254 
1135 
1606 
'2127 
2232 
1820 
1197 
1042 
1144 

1073 
•415 
797 
406 
1008 

•  319 

7.04 
716 
'■5.61 

'5*02 
797 
766. 

•  301 


JAN 


592 
694 
415 
543 

♦1631 
949 
•2517 
2536 
19Q3 
1153 
1299 
2359 
1237 
1600 
L2192 
2294 
1B79 
122.8 
a  04  5 
1169 

1*169 
474 
865 
♦471 
1054 
363 

781 
756 
6£6 

546 
-874 
865 
366 


FEB 


.'402 
557 
300 
417 

1316 
837 
2332 
2369 
1590 
1036 
1086 
1901 
1070 
■1333" 
1932 
1817- 
1666 
,1168 
958 
lOR 

991 
'328 
711 
344' 
770 
228 

596 
-577 
468 

•  364 
666 
.781 
•277 


-tlAR 


363 
434 
'  211 
316 

•1293 
'  843 
2468 
'24X2 
'1655 
1122 
1113 
1739 
1073 
1411 
2080 
1758 
1770 
1265 
1011 
1042 

•.911* 

217 
'605 
■  242 
601 
130 

456 
«34 

350 

•,267 
•539 
•791 
239 


APR 


108 
138 
42 
90 

879 
648 
1944 
19.23 
1173J 
951 
864 
1068 
810 
966 
1554 
1122 
1314 
1098 
885 
840 

..651 
75 
360 

29 

144 
126 
10? 


MAY 


■  "  9 
19. 
•  0 
fl0 

592 
490 
1445' 
1373 
806 
791 
660 
555 
601 
673 
1057 
648 
930 
936 
837 
632 

437' 
"0 

158 
6 

96 
0 

22 
9 
0 


JUNE 


105.* 19 

306  143 
582  397 
138  81 


0 
0 

.  0 
0 

315 
*1 

957 
924 
402 
591 
144 
222 
381 
408 
636 
258 
573 
726 
696 
435 

180 
'  0 
•  15 
0 
0 

*  0 

0 
'  0 
l  0 
0 

-♦36 
195- 
18 


ANNUAL" 


VAN. 


2551 
•3070 
1560* 
•2291 

10864., 
70&9'~ 
20174 
19862 
13196 
988Q 
9764- 
v 14279 
9075 
11343 
>16105 
14283 
14171* 
11199" 
9687 
\  90*92 

7152 
'  1765 
*  4362 
'  1800 
47*82 
1217 

3292 
'  3219, 
2533 

•2122 
4227 
5507 
1646 


*Froi}j  Climatic  Atlas  of  the  United^  States  *  U„S.  Department  of  Commerce,  En  v. 
tfrom  Tabfe  1,  Chapter  «3>ASMRAEV  Handbook  of  Fundamental s*  197&-J99X  of  t'ime 
IlFrom, Table  1,  Chapter  33;'ASHRAE  Handbook  of  Fundamenta-ls  1972  (Ujf  of  time 


SUMM? 


19 
13 
26 
22 

-25 
■45 


-53 

-  7. 

'A 

-32 


31 
.  15 
29 
9 

37 
•15S 

it 


'3f 
36 


4 


97 
97 
95 
98 

.73 
58 


82 
75 

-1 « 
66 


84 
10B 
•  96 
105 

97 
111 

101 

99 
99 


IN 


97 


CO 

I 


Sc3T  Serv.,  Adm.  .June  1968 '  t 
.warmer  than  this" temperature)' 
cine  bu]b ' temperature/ is  .greater)^ 


-^iORJMAL  -  TOTAL  HEATING  DEGREE  DAYS  (Base  65°) 


Design  TQ  F 


STATE  AND  STATION 


CALIF:  Eureka 
Fresno 
Long  Beach - 
Los  Angeles 

-  Mt.^Sha's'ta 
Oakland    _  ' 

.  Poiiit  Arguello- 
Red  Bluff  " 
Sacramento 
Sand berg 

.  .San  Diego  t  ' 
San  Francisco 
Santa  Ca.tal  ina  ■ 
S'anta  Maria 

COLO:  Alamosa 
Colorado  Springs 
Denver 

Grand  Junction 
°p'u$b.lo 

CONN:  Bridgeport 
. Hartford 

-  New  Ha-van  —  — 

DEL:  Wilmington 

FLA:  Apa-lachicola 

Daytona  Bsach. 

Fort  Myers,,      .  ■ 

Jacksonville 

Key  West 

Lakeland 

Miami  Beach 

"Or^ndo 
'"'Pensacdla 

Tallahassee 


JULY 


270 
0 
,0 
28 
25 
53 
202 
,.0 
0 

•  0 

•  '6 
81 
16 
99 

65 
9 
6 

•  0 
0 


0 

0 
0 
0 
0 

.  o 

*° 

0 
0 
0 

.  0 


AUG 


257 
0. 
>0 
22 
34 
50 
•  186 
0 
0 
-0 
0 

78 
0 

93 

99 
25 
9 

5*0 

0 


0 
0 

04- 


o 

6 

-12' 

0 

.  0 
0 

'0 

.0 
0 
0 
0 
0*1 
0 

'0 


SEPT 


258 
0 

12 
42 

123 
45 

162 
0 

12 
30 
15 
60 
9 
96 

279 
132 
,-117 
30 

*'54 

66 
99 

\  87. 

51 

«  -6 

■  0 
0 
«  0 
0 

*  0 

0 
0 
0 
0 


OCT 


329 

78 
-40 

78 
406 
127 
205 
■  53 

81 
202 
«37 
143 

50 
146 

639 
456 
428 
,313 
326 


307 
.372 

270 

v  16 
0 
0 

12 
0 
0 
0 
0 
19 
28 


NOV 


414 
339 
156 

180 
696 
309 
291 
318 
363 
480 
123 
306 
165 

'  270 

1065 
825 
819 

-  786 
750 


615 

7ir 

-648, 

588. 

~  153 
(  75 
24 
144 

'  0 
„  57 
0 

72 
195 
198 


DEC 


499 
558 
258 
291 
902 
481 
400 
555 
577 
'691 
251 
462 
279 
391 

1420 
1032 
1035 
1113 
986 

•986 
1119 
lflll 

927 

319 
211 
109 
310 

28 
164 

40 
198 
353 
3601 


•>JAN 


546 
586 
375 
372 
983 
527 
474 
-605 
614 
778 
.313 
5tf8 
353 
459 

1476 
■1128 
1132 
1209 
1085 

1079 
1209 
11Q97 

930 

347 
'248 
146 
332 
40 
195 
56 
220 
400 


FEB 


470 
406 
297 
302 

.784; 

,400- 
392 
428 
442 

.661 
249 
395 
30B 
370 

1162 
938 
938 
907 
871 

966 
1061 

-991. 

8'74 

$60 
^90 
101 
246 
31 
146 
.36 
165 
277 
286 


MAR 


505 
319 
267 
288 
738 
353 
403 
341 
360 
620 
,202 
363 
326 
363 

1020 
893 

•  887 
729 
772 


735 

180 
140 
62 
.  174 
9 

"  99 
9 

105 
183 
202 


APR 


438 
150 
168 
219 
525 

-255 
339 
168 
216 
426 

-123 
279 

,249 
282 

696 
582 
558 
38Z 
429 


.387 

33 
15 
0 
21. 
0 
0 
0 
6 

-  36 

36- 


MAY 


"372 
56 
90 
158 
347 
180 
298 
.  47 
102 
"264 
84 
214 
192 
233 

440 
319 
288 
146 
174 


112 

0 

0' 
0 

*  0 
0 
.0 
0' 
'0 

•  ov 


JUNE 


ANNUAL 


285 
0 

18 
81 
159 
90 
243 
0" 
6 
57 
36 
1'26 
105 
165 

168 
84 
66 
21 
15 

'  27 
•24 
45, 


t  0 


0 
0 
0 
•  0 
0 
0 
0' 
0 


WIN. 


4643 
•2492 
1711 
2061 
5722 
2870 
3595 
2515 
2773 
4209 
1439 
3015 
2052 
2967, 

8529- 
'6423 
6283 
5641 

W 
5617 
6172 
|«*5897 

4930  , 

1308  ;■ 
879 
442 
1239 
108 
661  ■ 
141 
766 
1463-' 
1485 


SUMM-. 


32 
28 
36 
42 

35 


30 

42 
42 

33 

•17 
-  1 

■  2 
8 
5 

4 

1" 

5 

12 


32 

38 

29 

55 

35" 

45 

.33- 

29 

25 


67 
101 
87 
94 

85 


100 

86 
80 

85 

84 
90 
92 
96 
•96 

90 
90 

88 

93 


94  . 
94 
96 
90 
95 
91* 
,96 
92' 
96- 


'"'370 


r-j-^  =  ^  i  1  ■  :    c  1  ■  ;  —  

NORMAL  TOTAL ^EATING  DEGftEE"  DAYS  (Base' 65°)       .     •    *  -  ^ 

Design  T  °F 

0 

state.  And 'station  • 

*        *  • 

JUIX 

AUG 

SEPT 

OCT 

NOV 

DEG 

JAN 

FEB 

•  MAR 

APR 

'  HAY 

JUNE. 
» 

ANNUAL 

•UN.  • 

SUMM. 

FLA:    Tampa    •  . 
West  faltn  Be^cfr 

,GA;    At-hens       •  ' 

9       -  ,  <*: 

Augusta #       ...  y 
Columbus-,  . 
Macon             v  , 
Rome   .  \   >*  *  #•  .  " 
■Savannah  >  v  '  ' 
ThomasvUle- 

* 

IDAHO r  Boise 
Idaho  Falls  "^W-. 
Idaho -Tails  4£NW 
Lewis  ton 
Pocatello 

ILL:  Cairo 
Chicago 

Moline       ,  h 
Peofitar 
Rockford  \ 
Springfield 

IND:  ,  EvansviMe  . 
fort  Wayne  '  v 
Indianapolis  \. 
South,  Bend 

IOWA:  Burling.ton 
Des  Moines  ,  m 
Dubuqfiie  ' 
*  Sioux  C-ity* 
Waterloo  * 

# 

:o 

0 

.«-• . 

■  .0, 

0  ' 

•  0 
v.  D 

•  0 
JO 

'  16; 

•  16 

0 
0 

•  0 
0 

'  0 
-  0- 
6 

:  0. 

0 
0 
0 
0 

'  .  0 

•  0 
:12- 

*0 

■  lZi 

0' 

cr 

:o 
'  b 
•  0 
0 
0 
0 

;o 

0 
0 

34 
40 
•  0 
0 

:  o 
0 
9 

6^ 
.  -9 
0 

:  6 

9. 
0 

6" 

0 
9. 

1  d 
>'° 

,  12 
18 
<  -0' 
■  0 
0 

24» 
0 

0- 

132 
270 
282 
123 
172 

'  36 
81 
•  99 

f-  87 
114 

■V- 

_66 
105 
90 
111 

■93 
99 
156 

io$ 

138 

"  '  0 

115 
W 
78 
87 
'  71 
-161 
47 
25 

415  - 

623 

648 

403 

493 

164 

•.326 
335 
326 
400 
291  " 

220 
378 
316 
372 

322- 
363 
450 
569 
428 

J* 

A 

60 

•mm. 

33> 

«33- 

297 

474. 

246 

198 

792- 
1056 
11Q7 
756 
900: 

'513s' 
,753 

m 

837 
,696 

606 
783 
723 
777 

768 
837 
906" 
867 
909 

,  « 

171 

fi$2 
M6 
<552 

543 
*502'. 
,701 

437 
'36$/ 

1017 
1370 
1432. 
933 
1166 

5  791 
1113 
1181 
1113 
1221 
1023 

*896  " 

1135 

1051 

nas 

1135 

1231 

1287- 

1240 

1296 

'  202 
87 

64Z 
.639', 
'549. 
552  ■ 
505 
'710 
437 
394 

fll3 

1538 

1600 

1063' 

1324 

856 
1209 
1314 
1218 
1333 
1135- 

955 
117.8 
1.113 
1221 

1259 
1398 
1420 
1435 
1460 

148 
64 

529 
529 
445 
434 

"403 
577 

.353 
305' 

854 
1249^ 
1291 

815' 
1058 

^680 
1044 
1100 
1025 
11  "37 
935 

767 
1028 

949 
1070 

1042 
1163 
1204 
1198 
1221 

102*' 
31- 

,431 
437 
350- 
338 
295 
468 
254 
208 

722, 
1085 
1107. 
.694 

905 

53St 

890 
918 
849 
961 
76-9, 

.620 
890' 
809 
933 

-859 
967 

1026 
989 

1023 

% 

0' 
JO 

141 
168 

90 
■96 
'63 
177 
'-  4Sfc 

33  ' 

438, 
1 651 
657 
426 
555 

195 
480 
450 
426 
516 
354 

237 
-471 
432 
'525 

426  • 

489 

546 

483 

531' 

.0 
'  0 

'22 
25 

0 
'  0 

0- 
34' 

0 

'  0 

245 

391 

388 

239' 

319 

47 
211 
189 
•183 
236 ' 
136 

68 
189 
-177* 
239 

,  177 
211 
260 

1  i 

* 

0 
0 

0 
0 
.  0 

o- 

.  a 

0 

o . 

81 ' 
192 
1*93 

90* 
141 

* 

0 

48  • 
.  39 

33 
*  60 

Cl8 

•  0 

39 ; 

39 

6* 

33 
'  39 
78/' 
39 
54; 

r 

683' 
253 

2929 
2983 
2397 
"  2383 
2136 
3326 
1819 
1529 

5809' 
'  8475 
8760  * 
5542 
7033  . 

3821 

6155 

6408 

6025'  - 

6830 

5429 

':4435 

,6205 
bt)99.  • 
'6439  ' 

6114 
6808 
7*76 
6951 
•  7320 

« 

'  36 
40 

17  ' 
'  18 
20- 

zz  • 

23  . 
'16, 
24 

.  f 

&  • 

6 

-  8  ■ 

-% 

-  7 

-  2  • 

-7: 
-'I  ' 

6' 
"0 

*  o- 

% 

-  7 
-11  * 

-10  ' 
-12 

t 

1 

92 
92 

'& 

98 
98' 
98 
'97 
96 

«    •  * 

98  ■ 
94 

■  '94 

94 
94 
92 
3S- 

■  96  ' 

"  93 ' 
93 
92 

95". 
95^ 
92 
96  ' 
•91 

• 

'37 
ERLC 


NORMAL  tQTAL  H  EAT  I  N(^  DECREETS  (Base  65u)  • 


Design  T^°F 


STATE,  AND  STATION 


KANSAS;  Concordia 
Dodge  City  '  . 

■  Boodland 
Topeka 

.  Wichita 

.KY:  Covington 
LexThgton      ^  ' 
Louisville 

LA:  Alexandria 
Baton  Rouge  - 
Burrwood  ^ 
Lake  Charles 
New  Orleans 
Shreveport  > 

MAJNE:  taribou* 
.  .Portland  • 

MD;.  Baltimore 
Frederick 

MASS:  Blue  Hill  Obsy 

Bos  ton 
"  -Nantucket  ~ 

pittsfiel-d  . 
.,  Worcester 

MICH:    Alpena  ' 
Detroit  <Ci ty) 
Escanaba 
•  Fliht- 
apra'nd  Rapids 
»  Lansing  .  '  ;? 
Marquette  ' 
Muskegoh     »,  , 
Sault  Ste.  Marie 


JULY 


0 
0 

•0 
,  0 
-12 
25 
,6 


'AUG' 


115 

0 

,22 
9 
22 
59 
34 


68 
0 
59 
16. 
9 
,6 
59 
12 
% 


J105- 
•0 

•87 
40 
28 

.'22 
81 
28 

105 


SEPT- 


57 

•  33' 
.  81 

57 

.  33 

75 
54 
*54 

0 

Of 
.;  0" 
ft 
'  0 

•  0 

336 
195 

48 
66 

108 
60 

•  93 
219 

.'V 

"27 
87 

243 
<  159 

135 

138 
,24ff 
,120* 

279 


73\ 


■OCT 


276 
251 
381 
"270 
-229 

.291 
239 
248 

56 
31 
0 

■  19 
19 
47 

6.82 
508 

.  264 
307 

'38 1 
.  316" 
332- 
524 
450 


N580 
360 
539 
465 
434 
431 
527 
400 
580 


NOV 


705 
666 
810 
*72 
618 

"669' 
'609 
"609 

*273 
'216 

'96 
.  210 

192 
•297 

1044 
807' 

585 
'624' 

690. 

"60? 
-  573 

.m 

.7,74. 

912 
738 
•924 
843 
804 
813 
936" 
7.62 
951 


DEC 


1D23 
939 

1073 
980 
905: 

983 
902 
-890 

471 
'369 
214 
341 
322 
477 

1535; 
1215 

•905. 
"955 

i'085 
983 
895 
'1231 
H72 

1268 
1088' 
1293 
12T2 
1147 
1163 
1268 
1088 
1367 


JAN 


¥FEB, 


•1163 

.1051 

1166- 

1*122' 

1023- 

1035 
946 
930 

471 
409 
298 
38i 
■363 
•552 

U690 
1339 

936 
•995 

1178 
1088 
992 
133.9 
1271 


935 
840 
^55 
,893 
'804 

893 
818 
-"818 

361 
294 
.  218 
274 
258 
426 

1470" 
1182 

820 
876 


972 
-9444 
1196, 
112-3 

12*99 
1058 
129*6 
1198 
1134 
1142 
1268 
1100 
1380 


MAR 


781. 

719 

884 

722 

645 

756- 
685- 
■682 

2*60 
'208' 
171 
195 

192, 
'304 

1308 
1042 

679 
"741 


1053.. *936 


846 
896 
1063 
,998 

1218 
936. 
1203 
1066 
.10*11. 
1011 
1187 
.$95 
1277 


APR 


372 
354 
507 
'330, 

V 

390 
325 
.'315 

69" 
33 
27 
.  39 
39 
81/ 

858 
675 

-327 
'384 

579 
513 

6'60 
612 

^777 
522 
777 
639 
5^91 
579 
771 
594 

,  8*10 


MAY 


JUNE 


ANNUAL  . 


149 

18> 

124 

■  9 

236 

42 

1-24 

'  12 

87 

6 

24 

•149 

105 

0 

105 

•  9 

,0' 

'  .  0 

•  0 

0 

U 

U 

0 

*  0 

0 

0 

n 

0 

468 

183 

372 

ill 

111 

90 

0 

127 

■  12 

267 

69 

208 

36 

384- 

-  129 

326 

105 

304 

*  7.8 

'  446 

.15,6 

2*20 

42 

456 

159 

•319 

90 

.279 

75 

*  273 

69 

'468 

177 

310 

1  78 

477 

201 

WIN. 


SUfiM. 


,.5479 
4986 

'6141 
5182 

.  4620 

5265 

4683? 

-4660 

•  1921 
'  156P 

•  1024 
1459  • 
1385 

.  2184 

9767 
7511 

'  4654 
5087  . 

•6368 
5634  • 

^5.891 
.  7578- 
.  6969 

8906 
6232 
.  8481 
7377 
6894 
'6909 
839? 
6696 
9Q48 


■  3 

99 

-'  2 

,99 

3 

99  • 

5 

102 

3 

93 

'  6 

94 

8 

'96 

25- 

97 

'  25 

*  96 

"A 

•  95 

32 

93  ' 

22 

99 

-18  ' 

85 

•  ,88  - 

16 

.  94 

7 

• 

.94 

* 

6' 

91 

—  1  > 

.'  1  ~ 

89 
• 

-% 

87 

■  '4 

92 

-  7 

82 

-  1 

.89 

2- 

91 

,  2 

89 

r  8 

'  |8 

:.  4 

-12 

83 

^  - 


C  .  37 
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•  NORMAL  TOTAL  HEATING  DEGREE  QAYS  (Base  65  ) 


Design  TQ  F 


STATE  AND  STATION 


JULY 


MINN:  Duhith 
Internal  1  FaUs 
Minneapolis 
Rochester 
•  Saint  Cloud 

MISS:^  Jackson 
Meridian 
Vicksburg* 

H): %  Columbia  t 
Kansas      *  * 
St.  Joseph 
-  St,  L&ns 
Springfield 

mni:  Billings 
r  Glasgow 
'  Great  Falls 

-Havre 

Helena  - 

Kali  spell  * 

Miles  City    •  — 

Missou>a  — 

NEBU;  Jirand  Islaadjl 

Lincoln 

Norfolk 

North  Platte 

Omaha        '  - 
.  Scott'sbluff 
,  'Valentine 

N£V:-  Elko 

•"Ely       •  ' 

.  Las  Vegas  <  * 
Reno':  -• 


Wi  nnemucca 


71 
71 
22 
25 
28 

0 
0 
6 

'  0 
0 
0 
0 
0 

6 

31 
28 
28 
31 
50 
-  6 
3,4 


AUG 


•  0, 

o 

.9 

.9 
'28 

0 
43 

*0 


109 
112 
31 
34 
47 

0 
0 
•  0 

0 
0 

'6 

Q 
0 

*  15 
.4*7 

"^53 
53 
59 
99 
6 
74 

6 
6 

'.XT 
6 

12 
0 

12 

34 
43 
.  0 
87 
34 


SEPT 


JUNE 

ANNUAL 

198' 

.  xoooo 

174 

-106Q6 

81 

8382 

8295  . 

vl  OS 

8879* 

\'°: 

,  -.2239 

>  0, 

$  2289 

0 

204  V 

*12 

•  5046 

0 

4711 

15 

5484 

15 

•  4900 

f'  6 

4561 

1  0? 

'  7049 

lJU' 

R9§fi 

186- 

.  7750 

162' 

v8700 

.  195 

8129 

207 

,  8191 

.99 

7723 

219 

\_  8125 

HO 

30 

'5864 

48 

6979 

57 

6684 

42 

6612 

'75 

6673 

84 

.  7425 

192 

•7433 

225- 

•7733- 

0 

'2709' 

189 

'  153 

'  J5761 

IN.. 


SUMM. 


-19 
-29 
-14 
-17 
-20 

21 
20 
23 

2 

,4 

-  1 

j 

-25 
-^20 
-22 
-17 

-  7 
rl9 

-  7 

-6 

-  4 
-11 

-  6  • 

-  5 
-8 

-13 

-  6  ' 
23 
12 
•1 


85 
86 
92 
90 

90', 

9.8 
97 
97 

97 
100 
97 
96 
97 

94 

\96 
91 
91 
90 
■88 
'97 
92 

98 
100 
97 
97 
97 
96 

94 
90» 

108 
94. 
•97 


<%  ^^^^ 


CO 


ro 


s  '376 


■S 


NORMAL  TOTAL  HEATING  DEGREE  DAYS4  {Base  65u) 


•STATE  AND  STATION 


JULY 


AUG 


SEPT 


OCT 


NOV 


DEC 


JAN, 


FEB 


Desfqn  I0°F 


SU'MM. 


NH:  Concord 
Mt.  Wash.  Obsy.  ■ 

NJ:    Atlantic  City 
Newark 
Trenton" 

NM:  .Alb'uquerque 
Clayton-  i 
Raton 
Roj&wel  1 
Silver  City 

liV:  Albany 
-•  Binghamton  (AP) 

Binghamton  (PO) 

Buffalo 

Central  Park 

JF  Kennedy,  Intl . 

La^ua-rdi  a ' 
Rocjrester 
Schenectady 
.*■  Syracuse 

NC:  -.Ashevi  1 
'Cape  Hatter  as 

Charlotte 

Greensboro  '" ' 

Raleigh 

Wilmington. 
•  Winston  Salem  * 

N.  DAK:  Bismarck 
Devi  Is  Lake- 
Fargo ' 
Willistoh 


6 

493 

.  0 
0 

-  0' 

■  0 
0 
9 
0 
0 

0 

22 
0 

19 
0 
0 
0 

.  9' 
0 
6 

0 
0 
0 

1  0 
t> 
•  0 

0 

34 
40 
28 
.31 


536 

(  Or 

i  0 
-  6 
28 
0 

a 

19 
65 
28 
37 
0 
0 

'  0 
3J 
22 
28 

0 

'  0. 
0 
0 

1  0 
0 
0 

28 
53 
37 
43 


177 
720 

39 
30 
57 

12 
66 
126 
18 
6 

138 
201 
141 
141 
SO 
36 
"27 
126 
123 
132 

-48 
0 
6 

33 
•  21 
0 
•21 

222 
273" 
2& 

4PT 


505 
1057 

251 
248 
264 

229- 
310 
431 
202 
183 

•440 
471 
406 
440 
233 
248 
223 
MIS 
422 
415 

245 
78 
124 
'  192 
.164 
74 
171 

577 
642 
574 
601 


822 
1341 

549 
57'3 
576 

642 
699 
825 
573 
525 

"777 
810 
732 
777 
540 
564 
528 
747 
756 
744 

555 
273 
438 
513 
6450 
291 
483 

1083 
1191 
1107 
1122 


1240 
1742 

880 
92i 
924 

868 


1358 
1820 

936' 
983' 
989 

930 


89^LS86 


1048 
806 
729 

119.4 
1184 
1107 
1156 
■902 
933 
887 
1125s 
1159 
1153 

775 
521 
691 
778 
716 

•52L 
.7471 

1463 
1634 
1569 
1513 


1116 
840 
791 

1311 
1277 
.1190 
1256 

986 
1029 

973 
1234 
1283 
12?1 

784 
580 
691 
784 
725 
546 
753 

17J08- 
1872 
1789 
1758 


1184 
1663 

848 
876 
885 

703 
812 
904 
t  641 
605 

1156 
1154 
1081 
1145 
'885 
935 
879 
1123 
1131' 
1140 

68.3 
518 
'582 
672 
616 
462 
652^ 

1442 
1379 
1520 
1473. 


91 

91  ' 

94 

92 

$6 

92 
101 
95 

91 
91 

90 

94 

91 

93 

91 

90. 

90 

91 

96 
94 
95 
94 
94- 

95 
•93 
92 
94 


m. 


ro 

4* 


(':' 


37s 


t'  \ 
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NORMAL  TOTAL  HEATING  DEGREE  J)AYS  fBase  65  ) 


STATE  AND  STATION 


OHIO:  Akron' 
Ci ncinnatl 
Cleveland 
.  Caiumbus 
Dayton._  . 
Mansfi-eld 
Sandusky  - 
Toledo  * 
Youngstown 

OKLA:  Oklahoma. City 
Tulsr  c 


JULY1  AUG1  SEPT 1  OCT1,  NOV 


OREG:/  Astoria 
Bui/ns  * 
Eugene " 
Mefacnam 
Med ford 
Petadleton 
Portland 
-Roseburg 
Salem 

Sexton  Summit 

PA:  ."Allentown 

Erie 
.  Harrisburg 

Philadelphia 

Pittsburgh 

Reading 

Scranton  • 
v  Williamsport 

RI :  Block  Island 
-  Providence 


0 
0 
"  9 
0 
0 
9 

•  0 

o: 

'6 

'•0' 
0 

146- 

1? 
34 

84 

0 

•  0 

25 
.22 
37 

,.81 

0 
0 
0 
0 
Cf 
(k\ 
.  0 

* 

0 
0 


J? 


9 
0 

25 
& 
6 
22 
•6 
15 

19 

0 
0 

,r30 
37 
34 
124 
0 
0 

28 
.16 
31 
81 

0 

25 
-0 
0 
9 
0 

19 
.  9 

16 
16 


96' 
*54 
105 
.  84 
78 
.114 
66 
117 
.120 

:15 
18 

,210. 
210/ 
129 
288 
.78 
111 
114 
105 
111 
171 

90 
102 
63 
60 
105 
.54 
132 

*  78 
%  96 


381  • 

248' 

384 

347 

310 

397- 

3-13. 

406 

412 

164 
158 

375 
515 
366 
,530 
372 
350 
335 
-329 
338 
443 

'353 
391 
298 
291 
375 
257 
434 
375 

307 
372 


7.26 

'612 

738 

714 

696 

7~68 

684, 

792 

771 

498 
522 

561 
867 
585 
918 
678 

■711 
597 
567 
594 
666 

693 
714 
648 
621 
726 
597. 
762 
717 

594 
660 


DEC 


10*70 
921 
1088 
1039 
104,5 
1110 
1032' 
1138- 

766 
787 

&79 
1113 
719 
1D91 
8-7 1 
884 
^735 
713 
729 
874 

1045 
1063 
992 
964 
1063, 
'  939 
1104 
1073 

.  902 
1023 


m  REB 


13"8 
970' 
159 
1088 
109? 
1169 
1107 
1200 
1169 

86*8 
-893 

'753 
1246 
803 
1209 
9L8 
1017 
825 
766 
822 
958- 

1116 
1169 
1045 
1014 
1119 
1001 
1156 
1122 

1020 
1110 


016 
8371 

1047 
949 
955 

1042 


MAR  f  APR!  MAY 


871 
.701 

809 
809 
924 


991ifB68 

"  "  924 
921. 

527 

5# 

636 
856' 
589 
983 
642 
'61 7: 
586* 
570 
611 
818 

849 
,973 
766 
744 
874 
736 
893 
856 

877- 
868 


1056 
1047; 

664 
683 

622 
988 
62?; 

1005 
697. 
773 

344 

608* 
647 
,809 

100-2 
1081 
907 
■890 
1002, 
'885 
1028 
1002 

955 
988* 


*  .  p 


489" 

336 

552 

426 

429 

543 

495 

543 

540 

189 
213 

480 
570 
426 
726 
432 
396 
396 
405 
417 
609 

471, 
585 
396 
390 
480 
372 
498 
468 

612 
534 


JUNE 


202 
118 
'250 
171 
167 
2451 

19.8' 
242 
.218 

,34 
47 

363 
366' 
279 
527 
242 
205 
24*5 
267 
273 
•465 


124 
115 
195 
105 
195 
177 

344 
236 


ANNUAL 


WIN. 


:-39 
9 
n66 
27. 
-30, 
68 
36 
60 
60 

O 

,0" 

231 
177 
135 
339 
78- 
•  63 
105 
123 
144 
279 

24 
60 
12 
12 
39. 
»  0 
33 
24 


6037  ■ 

4806 

6351 

5660 

5622  , 

6403 

5796 

6494  . 

64*17 

3725 
3860 

'5186 

6957 

4726 

7874  • 

5008 

51271 

4635 

V  4/191' 
4754 
6524 

'5810 
6451 
5251 
5101 

•5987 
'4945 

B6254 
5934' 


Design.  TQ  F 


1 
8 
2 
2 
0. 
"1 
4 
1 

1  • 

.11 
12 

2^7 

22 

21' 
.3. 
26 
25 
21  , 

3 
7 
9 

.11 
7 
6 
2 

l-1 


SUMM-. 


-89: 

94 

91. 

92 

92  , 

91 
^92 
'92 

89 

iob 

10? 
79 

91 


92 

88 

92, 

93 

90 

92 

89 

91 


89 


-  V. 

"  ro 


v  380 


^S1 
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NORMAL  TOTAL  HEATING  DEGREE  DAYS  (Base  65  ) 

§ 

Design  TQ°F 

STATE  AND  STATION 

JULY 

.  AUG 

 1a 

/  ' 

SEPT^ 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY- 

JUNE 

ANNUAL 

IN. 

5UMM. 

SC:  Charleston 

'  0 

0 

0 

59^ 

-282 

•171 

K  

487 

389 

291 

54 

'  0 

e 

-  0 

2033 

26 

95 

Columbia 

0 

0 

0 

84 

345 

577 

570 

470 

3p 

81 

0 

0 

2484  - 

20 

98 

4  Fl  orente 

0 

•  0 

0 

78 

015 

552 

552 

459 

347 

.  84 

Q, 

-  0 

cioi 

21 

96  1 

Greenville 

I 

u 

■  U 

119 
LLC 

9Q7 
Jo  / 

£9£ 
0  JO 

04o 

J  J  J 

-i  9n 
•l^U 

1  9 

n 
U 

9QQ/1 
£004 

19 

95 

bpartanburg 

n 

-  U 

1  0 

1  9n 
1  JU 

/II  7 
41  / 

CsCsl 

OO  / 

OO  J 

ooy 

4  J  O 

1  44 

25 

0 

3074 

18  • 

.95 

S.  DAK:    Hurtfn  ' 

9 

•12 

165 

508 

1014'. 

1432' 

1628 

13S5 

1125 

f  r\  r\ 

600 

ODD 

288 

87 

O  99  O 

-16  ' 

'•97, 

Rapid  City 
Sioux  Fal  Is' 

22- 

,  12 

■165 

481 

897 

1172 

1333 

1145 

1051 

615 

J£0 

'  1  oc 
1^0 

79/1  C 

/J4b 

-  9- 

96- 

19 

'  25 

168 

462 

97? 

1361 

1544 

1285 

1082 

573 

o  "7  n 

270 

78 

n  o  o  n 

7839 

-14 

^95  ' 

TFNN ■  '-Bristol f 

•  0 

0 

51 

236 

573 

.828 

828 

700 

598 

'261 

68 

0 

4143 

k  11 

92 

Chattanooga  ?  ,\ 

0 

0 

•18 

143 

468 

698 

722 

577 

453 

150' 

2$ 

•  o- 

3254 

15 

97> 

Knoxville 

0 

0 

30 

171 

•489 

725 

732 

613 

493 

198 

43 

0 

£494 

13  . 

,  W 

Mefnp-his  %  . 

0 

0 

18 

130 

447 

698 

729 

585 

456 

147 

22 

0 

99  99 

17 

98 

Nashville 

0 

>  0 

30 

1580 

"495 

732 

778 

644 

•  512 

189 

40 

.0 

O  r  "70 

357o 

12 

97 

4  Oak  Ridge  (CO) 

G 

■  0 

39- 

192 

531 

772 

778" 

669 

552 

228 

56 

0 

TFXAS-  Abilene 

I  L Afw  «    n \j  i  i  cut 

■  0 

S 

0 

*  0 

99 

JOO 

bob 

C/l  9 

A  7fl 
Hf  U 

•9^7 
J*f  / 

114 

/  0 

•2624, 

1  7 

1  / 

1 01 

Ama  r  i  Tin 

*  n 

0 

1  O 

lo 

one 

b/U 

7  07 

/  y  / 

Q77, 
O  /-/  * 

004 

,  040 

252 

56- 

0 

3985 

98 

,  Austin 

0 

0 

0 

9  1 

Jl 

ooc 

CCD 

OOO 
JOO 

/I  £Q 
.40o 

99  t; 
Jp  J 

99  9 

51 

0 

-  0 

_  1711 

101 

, R  rown  svi 1 1 p 

j  l;  1  \sri  II  J  V  1  1  it 

0 

0 

U 

U 

00 

i4y 

1UO 

I  4 

0 

0 

0 

600 

94 

P orniK  Phri^ti 

( 0 

0 

~  0 

0 

i  on 

9  9  C\ 
LL\J, 

7   9H 1 

'  ^yi 

1  7/1 
1/4 

i*uy 

0 

0 

0 

914 

I9 
yj  C 

Q5 

•  "  Dallas 

0 

•  0 

0 

a  9 

99  1 

oYl 

^ni 
oUl 

/i /in 

9 1  Q 

j  i  y 

9G 

6 

..  0 

2363' 

101 

C  1    f  a  j  U  ^ 

Fnrt  Worth 

9  0 

0 

\f 

O  A 

84 

A  1  A 

414 

C  AO 

64© 

bob 

A  A  C 

44b 

910 

j  i  y 

105 

0 

■0 

"  2700 

?1 

.  u  1 

1 00 

0 

0 

U 

ob 

'  99/1 

c  9& 

^i/i 

O  14 

/i  /t  p 

440 

j  i  y 

99 

0- 

•  0 

<2405 

20  ~" 

"102 

(\t\  Ivpq  tnn 

0 

0 

U 

rv 
U 

1  9*0 
•  lJo 

927n 

J  0U 

9t^Q 

L  JO 

1  QQ 

1  OJ 

30 

0 

■0 

1235 

32 

91 

HniK.ton  v 

1  l\J  UJ  tvl  1 

,0 

0 

U 

c 
0 

1  Q9 

la  J 

7H7 

iU/ 

Jo4 

LOO 

1  Q9 

36 

D 

-0 

1396 

29'  '■ 

96 

Laredo 

■  0 

n- 

0 

_  u 

U 

lUb* 

DM 
jCLl 

9£7 

1  9/1 
1 J4 

'  /  4 

0 

0 

.  0 

797 

32 

103 

1  uhhnrk 

l_  U  UUUU  i\ 

0 

0 

'  18 

1  "7  A 

174 

CIO 

r/44 

oUU% 

^  1  > 

olo 

4o4 

201 

31. 

0 

3578  * 

'ii 

0  J  Zf 

Midland 

0 

0 

0 

87 

381 

/  ^92 

651 

468 

322 

90 

0 

0 

2591 

19 

100 

Port  Arthur 

.*  o 

0 

0 

22 

207/ 

329 

384 

274 

192 

39 

0 

0 

1447 

.29 

94 

San  Angelo 

0 

•  0 

'  0 

68 

318 

536 

567 

412 

288 

%  66 

.  0-' 

0 

2255 

'5  20 

101 

Sap  Anton.io. 

.  0 

0 

0 

■  31 

207 

363 

428 

286 

195 

 on 

^  jy 

„n 

n 
U 

1  C./1Q 

1 04  y 

25 

'99 

Victoria 

d 

'  0 

0 

6 

150 

270 

344 

230 

152 

91 
L  1 

n 
u 

n 
u 

11/0 

28 

98 

Waco  ' 

0 

0 

0 

43 

270- 

456 

536 

•  389 

270 

'66 

0 

0 

20-30 

21' 

101 

.    Wichita  Ralls 

0 

0 

0 

99 

381 

632 

698 

'  518 

378 

120 

.6 

0 

2832 

15  * 

103 

 «,  ..-yi-L-      ..  _  — j — 

S2 


38,?  * 


NORMAL  TOTAL  HEATING  DEGREE  DAYS  (Base  65*) 


STA^TE  AND  STATION 


UTAH:  Mil/ord 
'Silt  Lake  City 
Wendover  ' 

VT:.  I  Burlington 

VA:    Cape  Henry* 
Lyjnchburg 
Ndrfolk 
Richmond 
Roanoke 

Vtesh.  NatHl  AP 

WASH:  GJympia 
Seattle 

Seattle  Boeing 
Seattle  Tacoma  . 
Spokane 

Stampede  Pass  x 
Tatoosh  Island . 
Vial  la  Walla 
Yakima'   *  • 

W.  VA:  Charleston 
n  kins 
Huntington 
Parkersburg 

WIS:    Green  Bay  . 
La  Crosse 
Madison 
, Milwaukee  . 

WYO:  Cas^r 
Cheyenne 
Lander 
Sheridan 


JULY 

AUG 

SEPT 

OCT 

NOV 

DEC 

JAN 

FEB 

MAft 

APR 

MAY 

JUNt 

ANNUAL 

^  fY 

n 
u 

44?* 
*t  *t  j 

867 

1 141 

1252 

*  988 

822 

519 

279 

87 

6497 

n 
u 

n 
u 

O  1 

41  9 

1082 

1172 

910 

763 

459 

233 

84 

6052 

n 

u 

n 

U 

48 

372 

OIL. 

822 

1091 

1178 

902 

729 

408 

177 

51 

4778 

28 

65 

207 

539 

891 

1349 

1513 

1333 

1187 

#714 

35^3 

90 

r>  o  c  r\ 

8269 

0 

0 

0 

112 

360 

645 

694 

633 

536 

246 

53 

0 

3279 

0 

0 

'  51 

223 

540* 

822 

849 

731 

605 

267 

78 

.  0 

4-166 

0 

0 

0 

136 

408 

6*98 

738 

655 

533 

•216 

37 

•  0 

3421 

0 

0 

36 

214 

495 

784 

815' 

703 
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Worksheet  TA-1 
Sheet   1    of'  2 


Building  Heat  Load  Calculations 


Job 


Computed  by_ 
Location 


Number  of  Occupants^ 
DjLte     '    -  ■ 


Latitude 


Indpor 'temperature,   [  . 

Design  winter  outdoor  temperature,  T0#_ 

Desigr\  .temperature  difference   

Resign  degree-day,  65  -  -^o ,  . 


Building  Dimensions: 
Above  Grade:  Length_ 
Below  Grade:  Length 


Widths  ft 

WidthJ  ft 

Concrete*  FJ  oor  Slab:    Exposed  perimeter  ft 


* 

ft 
ft 


Ceil  ing  Height^ 
Depths  


\ 

ft 


Exterior  Wall  Area; 

Window  Area: 

Door  Area: 

N^t'Exterior  Wall 
^Area: 

Ceil ing  Area: 
Fl.oor  Area:V 
Basement  Wall  Area: 


Heating  Decree-Days:*  January 

Annual 


_J>F-days 
°F-days 


*"lFrom  Table  13-2 


'I 

Wo 


brksheet  TA-1 
Sheet   2   d'f  2 


\  * 

• 

1 1 

•  ._84U  * 

A 

AT  OP 
a  i  r 

(tr  - 

*  \ 

h  \  UA  AT 
,  u  Lti  /  n  r 

(hr)(ft^("F) 

Exterior  Walls  (net) 

• 

Basement 
Walls 

tyove  grade' 

,  : — 

Below  grade     t±    '  * 

Windows 
and  v 
SI  iding. 
Patio 
Doors 

,!  Single 

'   i  — — 

\ 

i  ,  * 
% 

\ 

Double 

1  n  

*• 

Triple 

% 

 1 — 

'  Storm  ♦ 

4 

\ 

> 

Exterior  Stab  Doors 

\ —  \ 

\  • 

•Floors 

Over  Crawl  space 

Concrete  SI ab  on  Grade 

Basement  % 

Ceiling 

\  *  ' 

Subtotal  (walls^  windows,  doors,  floors,  ceiling). 

Infiltration:  (0.018)  x                f t3  x  °F 

4 

Duct  =  1 0  4  of  subtotal  (if  ducts  not  in  insulation  envelope) 

 q  -t  — - — 

Design  Heating  Load:  Btu/hr^ 

;   \ ' ' 

 — —   - 

Design' Heating  Load:  .Btu/DD  . 
Design  Heating  Load  (Btu/hr)  X  (24  hr/Design  TD)  * 

January  Heating- Load:    m  Btu  ■ 
.  •   (Btu/DD)  X  (January  OD) 

-- 

Annual  Heating  Load:    m  Btu                    -                        •  • 
(Btu/DD)  X  .(Annual.  DD) 

*AT  =  TR-45° 

•DOMESTIC  HOT  WATER  LOAD 

\ 


Number  of  occupants  X -16,680  Btu/day 

"^January  Load    (m  Btu)  (Btu/day)  x  31  x  10-6 

*  — — ^ 

"Annual  Load    (to  Btu)  ( January  loab  x  l  2) 

o 
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A         Building  Heat  Load  Calculations 

\..r  \ 


Worksheet' TA-1 
Sheet,  l"  of  2 


(■ 


[Computed  by^_ 
jLocation  


Number  of  Occupants_ 
Date 


Latitude 


-Indoor  temperature,  TR, 


Desiqn  winter  outdoor  temperature,  V« 
jDesign'  temperature  'difference  [ 
'jDesign  degree-day,  65  -  TQ,  

'    Building  Dimensions:. 

Above  Grade:    Length  ft 

<s     Below  Grade:  Length  


_°F 
°F 


Widths 
Width 


ft 
ft 


Ceiling  Height  *ft 

Depth  ft 


u    ^  Concrete  Floor  Slab:'  Exposed^perimeter  ft 


Exterior  Wall  Area: 

Window  Area: 

Door  Area:  <  * 

Net  Exterior  Wall 
Area: 

Geil  ing,  Area: 
Floor  Area.:  " 


Basement-  Wall  Area:  <_ 
\ 


Heating  Degree-Days:*  January 

^Annual  .'  


5F-days . 
3F-days 


"t 


•*  From  Table  13-2 
.*  -    >  -  " 
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V 


Worksheet;  TA-1 
'  •   ■        'Sheet  J2_  of  JL 

.  f  '  •  •  :v. 


1                                              .  ' 
*  -  - 

U 
Btu 

_(hp  (ft*)  (UF) 

r — 

•  A  • 

AT*°F 

T— 

h  =  UA  AT  ' 
, "  B*  tu/hr 

Exterior  Walls  (net)            (  , 

* 

Basement 
Walls 

Above  grade 

r 

Below*  grade 

* 

Windows  - 
and  '•  .  * 

Single      *  ^  ' 

\     ;  - 

-  * 

Double  '  I 

 ' 

i  ' 

Pat 
Doo 

j  my 
0  , 

Triple 

# 

• 

Storm 

*  Ext< 

?|ricr  Slab  Doors 

i 

to 

— 7w  - 

Flo< 

« 

\rs 

Over  trawl  spffce 

V 

1 

u.  -— 

 ,  

J 

*  "Concrete  S]ab  on  Grade 

• 

< 

Basement*       s  . 

 r- 

* 

'  ;  ■  

Ceijirig                 ~.     *  ^ 

»             •  ■? 

Subtotal  (walls,  windows,  doors,  floors,  ceiling)  ,  , 

infiltration:'  (0,018)  x  '    .          ft3  x              °F  '  ' 
 _44  .  .  ,  £-  f  

1 

♦  Ibct  =  10  of  subtotal  (if  ducts  not'in, insulation  envelope)  ' 

 -  f  ?  —  :  — ■  - 

Design  fieating  Load:    Btu/hV       .  .                 m         *  f 

\    , '             .                              '    *  * 

« 

DGsi 
4  Janu 

 1 1          ,  — 

gn  Heating  .-Load:    B-tu/DD      *                       ■  ^ 
Design  Heating  Load  (Btu/hr)  X  (24  hr/Design  TD) 

*                      ■  ,     *  — •  1 

dry  Heating  Load:    m  Btu 

(Btu/DD)  X  (JanuaryvDD)                              ^  ^ 

 '  r 

:  —  j  ^  1 

Annual.  Heating  Load:    m'Btu  . 

(Btu/DO)  X  (Annual  0D)     1  J 

'  *  AT  = 

*  Domestic  hot  wAter  load 

• 

Number  of  occupants  X' 16<6ft0  Bta/day 


•  January  Load    (m  Btu)  (Btu/day)  x  3'1  x  10"& 


.Annual  L<wd    (in  Btu)   (January  loadxl2) 
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iITtro'duction  -  ,  "      *  %" 


"Solar -heating  systems  are  sized  'to  provide  a  desired  fraction  of  the 
total  heatiag  load  of1  the- building.    The . desired,  fraction  of,  heating  !joa'd 
can  be  chosen  arbitrarily,  pr  determined  fr'om  economic- analysis ,*  so  that 
the'annual  heating  cost  of  the  sol ar-auxil iary; system  .is  minimized.  ^The^ 
Collector  area  is  t'he  main  quantity  to  be, determined  apd,  from  the  col- 
lector  area,  the  storage,  si zeP  is  selected.    The  size^AJthtt  auxiliary 


furnace  is  based' upon  the  design  heating  load  andP^PPHpheat  delivery  0 
rate'.-  The  appurtenant  pumps blowers ,  and  heat  exchangers  depend  priT'^ 
•mari]y  upon  the  coVlector-»size  and  heat  del  i very  rate-.         '  , 

There  are  various  methods  for  de^orminvng  t^g"  fraction  of  anrvuav 
heating  load  supplied  by  solar  systems,  varying  from  detailed  cpmputer 
programs  t'o  rules  of  .thumb.    The  method  descrihed  in  this  modules  an  ^ 
Approximate  method  to  size  ,solar  col  lector's^  for  both  liquid  and' air- 
heating  sysj*fos.    After  majiy  computer-based  cfes*>gns ,  experiments, . and 
several  years  of  practical  experience,  several  rules  of  thumb  have  been ^ 
suggested,    the  rules  of  thumb  ate  to  be  used  as  general  guidelines, and 
manufacturers  of  components"  and  solgr  systems- may  havef  more  detailed 


.information  and  specif ic'  fecommendati(?ps . 

OBJECTIVE 


.   <     This  mpdule  is-direcfed  to,  sizing  of  solar  heating  systems  for  resi- 

•  '      •     <&  *  '    •  ■ 

^>der&i§i  buildings.  '  From  this  module  the  trainee  should^be -able  to-deter- 

*     ,  r        ■  *  *  v  1 

vmine  the  approximate  fraction  of  the  annua]  heating  load  which  a  solar . 

Keating  system  will  de,liv€r  to  a  given  building.         •  ' 


RULES  OF  THUMB 


"  Rules  Qf  thumb  for  sizing. a>r  and  hydronic  solar  system9  arf pre-  - 

.  ;     .  '  '  j  v     \  ; 

servted  in  Table  14-T.    Collector  .area  is  not  listed  in  thexafcle  because  ^ 
there*  is  considerable'  variation  and  /reedom  to  choose  aneas  "arbi- 
fcrarlly.    From  the  collector  area  sizes,  other  components  of  the  system  4 


may  be  determined .  ' 


Table  14-1 
Rules  of  Thumb  tar  Sizing 


SOLAj*  AIR  HEATING  SYSTEMS 


Collector  slope  , 
Collector  air  flow  rate 
Rebble-bed  storage  size  *  1 
Rock  depth 
Pebble  size    *  - 
Duct  insulation 
Pee-ssure  dt*ops: 
Pebble-bed 

Collector  (12-14  ft  lengths) 
.  Collector  (1^20  ft  lengths) 
Ductwork 


Latitude*  15°      *  '  / 

1.5  to  2  cfm/ft2  of  collector 

1/2  to  1  f*3  of  rock/ft2  of  collector 

4  to  8  feet  in  air  flow  direction 

'3/4"  to  1H  concrete  aggregate 

1 "  fiBerglass  minimum     -*  _ 

0.1  to4.3"'R,G.  .  « 
0.2  to  0.3"  W.G. 
0.3  to  0.5"  W.G". 
.^0.08"  W.G./100'  duct  l.ength  . 


SOLAR  HYDRONIC  HEATING/ COOLING  SYSTEMS 


Collector  slope  . 

Collector  flow  rate 

Water  storage  size 

Pressure  drop  across 
collector 


Latitude +  15°  '    '  •  .' 

O.02  gpm/ft2  of  collector 
1.5  to  2.5  gal lons/ft2 'of  collector 
0.5  to  10  psil^ol lector  module 


SOLAR.  DOMESVlC -.HOT  "WATER  HEATING  SYSTEMS 


Preheat /tank  size 


1/5  to  2.-0  times  DHW- auxiliary  tanUT 
size 


14-3 


*  ><.!>-■ 


FRACTION  OF  Tft^ANNUAL- HEATING  LOAD  CARRIED 
.  BY  £  SOLAR  HEATING  SYSTEM 


s  The  coTlector  area  required  for  hyd'rpnic  and  air  heating  solar 

systems  to  "provide  the  desired-  fraction  of  the  annual^heating  load  is 

A  determinedly  the  use  of  Figure  14-1.    The  symbols  used  in  the  figure 

..are;  A,  the  solar  collector  area  in  square  feet  (ft2);  L,  the  January' 

heating  load  of  the  .building  iti  Btu  per  month;  S,  the  total  solar  radia- 

tion  per  unit  area-  Tor  the  month  of  January  on  a  horizontal*  surface  at 

the  building  location  in  Btu/(-ft2)  (mfinth) ;  .and'f ,  the  fraction  of  the 

annual  heating  load  delivered  by  the  solar  heating  system.    Suppose 'that 

a  solar  heating^  system  has  a  total,  collector  area  of .  500  squar|  feet,  the 

building^s  a  heating  load  in  January  of'lS  million  Btu,  and  the  total 

solar  radiation  in 'January -at  the  location  is  31,000  Btu/ft.    Then,  ' 

,  AS  _    31, 000 x  500  _  ,  n  v 
_L   ~  T5?000,000       ,,Ufc    ji  .  . 

From  Figure  14-1,  it  is  seen  that  a  ,1  iquid-heating  sQlar  system  would 

provide  about      percent. of  the  annual  heatiag^oad  and  ah  air-heating 

system  would  provide  about  90  percent  of 'the  annual  load. 

For  the  purpose*  of  sizing  the  area  of  collectors  in  a  system,  the 

values  of  S  and  L  are  determined  for  the  particular  building  at  a  given 

location,  and  the  fraction  of  the  annual  heating  load,  f',  is  selected. 

th  these  values,  the  area  of  collectors  needed  to  provide  the  desired 

fraction  of  annual  heating  load  is  determined  witfi  the  aid  of  Figure  14-1. 

For  example,  let  us  suppose  that  w,(;  desire  a  sblar  hydrofvfe  system  to 

*  j  <  » * 

supply  80  percent  of  the  annual  load.  -From  Figure  14-l3;thk  value  of 
^AS/L  corresponding  to  f  of  0.8  is,  ();9.  Thus, 

—  =09 


/ 
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>f.p 


.0/8 


•i 


0.6 


0?4 


0,2 


O 


Typical  Air-  heating 
Solar  -Collector/ 


Typical  Ljquid-heating  Solar  Colle 


-  The  angle  between  the  collector  and  the  horizontal  is 
'm  15°  +  the  latitude. angle  ( °M  \  K 

turves  shown  are  drawh  for  the  case  of  no  heat  exchanger, 
between  the- solar* collector  and  heat  storage. 


Solar  Col fecfor  Area,  ft 

January.  Solar  Radiation  on  a  Horizontal 
Surface,  BTU  /(ft2) (/month )' 

January  Building  Heat  Load,  BTU/ month  ^f. 

'-    i     '  r  li-  1—  : — I  


0.2 


0.4  0.6 


1.4 


8 


0.8      .1.0    .  1.2 
x>  '   :  •    '.    •  A$/L     ^  * 

«'    ?.     .  v«  Figure*  14-1.    Fraction  of  Annual  Heating  Load  Furnished  by  a  Solar  Heating  System 
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and  tlie  area  of  collectors  needed  is  determiried' by:^  • 

• .       .  /  7 

.  _*0.9xL  /  •  *    ;  , 

-  *  «  *     -     -       \  -     *  •* 

-The/area  of  collector  desired  is  dependent  upon  thfe  January  solar  raclia- 

tipn,  S,  and  January  heating  load,  L,  of  the  building.    The  mean  daily 

radiation  for  January  (also  for  every  month .of  the, year)  is  listed  for 

several  cities  in  TabTe  4-1  /(see  Module  4)/- The  cities  listed  in  the" 

tajble  are  limited  in  nunjber  and,  for  .other  locations?"  the  maps  of  Figures. 

9 'or  4-2D-may  be  used.    The -val ues  ^n  thq  or  those  obtained  by 

terpoiation  from  the  maps,  must  be-  rrtul ti-pl ied  by  31  r  the  .number.of  days 

January,  to  establish  the  value  $(    The  January  heating  load  for  the 

building,  ^determined  from , the  procedures  described  in  Module  13.  - 

Because  it  is  oot  practical  to  design  a  solar  system  to  provide  more 

than  *90  percent  of  the',  annual  load  for  a  building,  the  curves, in  Figure 

14-1  do  not  app.ly  for  f  greater  than  0.9.    There  are  several  assumptions 

concerning* the  "typical"  sx>lar  systems  used  in  determining  the  curves  in 

«  « 

'»    Figure  14-1.    The  "typical"  flat-plate  collectors  consist  of  two  glass 
•  t  covers  a&d  an  absorber  coated  with  black  paint.    A  "typical"  air-heating 

collector  consists  of  two  glass  covers  and  klack  absorber,  and  the  air 

.      \'  • 

%    flows  through  a  duct  beneath  the  absorber  plate.    In  a  "typical."  liquid. 

*■  * 

heating  collector,  the  liquid  flows  through  tubes  that  are  either  inte- 

•  «  A 

gral,  with,  or  bonded^to,  the  • absorber  ptate.    The  collectors  for  the- 

typical  systems  are  facing  due  southland  tilted  at  an  angle  equal  to  the 

v*       •        <  # 
latitude us -15 ^degrees.    It  is  also  assumed  that  the  hydronic  system 

»  t 

has  no  heat  exchanger  between  the  collector  loop 'and  the  storage  circu 

**  V 
tion  "loop.    When  there  are  variations  in  the  systems' from  these  assump 

tions,  coVrfCtions^aiust  be  applied  to  determine  the  appropriate 'col  lector 

•     .  ? 
area.^  * 
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EFFECT  OF  HEAT  EXCHANGERS'   _  ^  %  •  '  .  . 

For  ^\quid-heating  solar  systems  in  cold*  climates,  a  heat  exchanger 

->  •  •  j  '  4_  * 

'between  the  solar  collector  and  the  hot  water  ^storage  tank  is  appro-  f  # 

p^iate.  The  effect  bf  a  heat  excharigerXis  to  reduce  the # temperature- 
'  of  the  water  in'storage  because  a  .finite  ttemper^tu»;e  difference  is  . 

inquired  to  -transfer  the  heat'  from  the  coVliectQr  fluid  to ,  the  >s  to  rage  '  ' 

%  *  '  »   -     \  \  '  **' 

•   »  *  \    \  *  K 

.fluid  across  .the  hea-t,exchanger. .  Alternatively,  we  may  consider  that  \ 

N  •  «•  '  -  \  ^  •  \ 

the 'heat  exchanger  raises  the  operating  teniperature^of  the^fluld  in  the 

-collector  to  p>oviSe ,  theVjequi  red  st6rage: water  temperature.  The 

warmer  collector  fl  uid*  temperature  causes  a-reduction  in  collector 

efficiertcy,-  whi.ch  reduces  tjje  quantity  of  heat;  del-yvered  to  storage!^ 

**.   A  The  effect  of  the  heat' exchanger  may  be  Offset'by  increasing  the*' 


.  area  of  the  collectors.    The  TOdltiona.1  collator  area  required  is 

V '       *  *     '  '••*.*'    '     '     1    ••./.'  ■ 
one  percent- for  every  one  °F 'across  the  .  heat  e^chan'ger.  .'A  well-desigfi&d 

"heat  eSCha^gef  will  operate \ with  ^  temperature  difference  of  .about  , 

10°F  between'  the  collector  and  storage  water, loop's .  *  The  collector 

area  cal"culateoNw>th  the  ys'e^pf*- Figure  1^-1-  stioulvd  then  be  increased 

/  t       \    .    :       *         .  i     '  / '  *  1 

'by  -lj6  percent^    lf\tf»e^ temperature  difference  is  .1^50-F,  the*  area  should  ^ 

-be  /increased  by  IS.'perqent.  %  ' 
...  N         V  •     A   ,  •  , 

'  /  An -air-heating  soHarNystem.  does'  nofe'require  a\  heat  'exchanger 

■  \  "         '•-,'*>•  •  *  \  . 

"betake  theVkirf  which  is  heated  ,in\  the  collectors  is\  delivered  '        .  • 

"     \-     •  •■         "v>    ' :  -«  r  '  .  '  ' 

directly  to 'the! rooms  or,  passed*  through  storage  wherd  heat  is;  , 


tr^ns.ferred  to  the  pebb>e*-bed. '.  The/surface  of  the  storage  material, 

v  \  '  .         i  •         ,  '   v    •      V  .  '. 

is,  in  effect,  al\so  the  tieat  exchanger.'-  When  no  heat  Exchanger  is 

\  *  '*    -     '         •         '      'a  '  ' 

used  in  a-  hydronid  system  between  the  collector  and  storage  loops,- 

\      ■   '   '•         '    1  '  '  "\  * 

a  correction  nefed  \iot  be  applied  to  the* collector  area  determined* 

'from-Fi'gure  14-1 


EFfECIQF  COLLECTOR  T.ILT   *  .  « 

•  This  recommended  angle  between  'the'  plane  , of  solar  collectors  and  the  horv 
s         \  <.  '  ,  «  .  '  '• 

i'zontal  is.;  ^deg^ees  plus  the  local  .latitude,:  i  (°n)  for  the  systems *re pre-. 

sented  in*iW  14-1.    As -an  example,  if  the  lqcatibT is'eoul'der ,  Colorado, 

where  the  1  atitude  is  40°,, the  collectors  are  tilted- (40  +  1S£  from 

<the  horizontal  and  facing  southward.    The  effect. of  solar' col  lectors  ' 

mounted  at  tilt  aWles;o.ther  than  that  recommended  is  shown  irk.  Figure  14-2.  -  • 

Continuing  with  Boblderr  Coipraao,as  an  example,'  suppose -the  collectors  '  • 

are  tilted  25° 'frorri  the  horizontal  (i  -  15.°) s  'then'  a  fixed  collector  area  ■ 

"will  deliver  only  9d  percent  of  the  energy,  that  the  same  collector  area 

will  defiver  when  tilted  at  55*.  '  If  the  same  fraction  of  the  "annual 

heating  load  is  to  be\  provided ,  "the  collector  area,  must  "be  11  percent/ 

greater  [000%  «' &I9).- 100%]  for  col  lectors.pl aced  at  a  25°  .tilt  angle. 


8 


\ 

« 

V 

J 

*  * 

*  r 

y  ■ 

» 

i 

:\  ".' 

i 

* 

H  r 

i 

i    ♦ J  * 

0 

£-35      *£'-25     £-15  '  £-5] 


£  +  5       £+15   .   £+25'  £+35     £+45  fc  £+55 

/Figure  1^2.    Effect  of  Solar  Collector  Tilt  on.  Annual*  Heating  Performance 
.     <    '  *0  =  local  latitude  (°N)J  >         *  •  *  4 


100"  f 


c 

90  >  ^ 

4»       +->  O 
U  +-> 

<4-  r- 
UJ  r— 

80  o 

»    +->  <o 

c 

<J  o 

>  I 

70  °" 


r 


\ 

EFFECT-  OF  ORIENTATION 


Figure  14-1  applies  to*col  lectors  facing  due* south.    The  effect  'of N 

solar  collector  orientation  on  annual  heating  performance  is  shown  in  .« 
Figure  14-3.    "Were  is  reduction  in  the  amount  of  Iteat  delivered 'by 
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.    .  '  *  14-8*  •  .         A    1       t  " 

*  i  *  * 

collectors  that  are  not  facing  due  south"   For  example,  ifvthe*  solar 
collectors  pf  a  'gfven  system  face  squthelst:_(45°  east' of  soi£h),  then  the 
system  would  deliver  only,9Q  percentrof -the  heat  provided  with  a-soirth-^ 


facing"  collector-..  The  collector  area  sho&ld  therefore^  increased  by 

  ,  \         '  '  ■  '  - 

11  p'ercent  in  order  to  provide  the  same'  fraction  of  the  annual  heating  , 

•  *     1  i 

''loacfV  the'  building.  •  \+  . 
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Figure  14-3.    Effect  of  •Sola1*'  Collector  Orientation  oa 
Annual  Heating 'Performance 
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WORKSHEET.  j)P-2        *  ; 

Collector  Area  */  0  • 

The  calculations  needed  to  detettnine  the  col  lactar  area  for  a  pre- 
selected  fraction  of  the  annual  heating  load  are  organized  on  worksheet 
TA-2.'  '  .  '    '  • 

A.  The  latitude,  U)>  of*the  solar  sy^temj n s t a  11  a t i q n  is  needed 

to  set  the  collector  tilt*    If  the  latitude  is  not  known,  the1/ 
map  of  Figure  4-2Q  (Module  4)  may  be  used  to  determine  approxi- 
mate latitude",         t       1  •  , 

B.  The  mean  daily  solar  radiation  in  January,  (s),  for  selected 
cities  is  listed  in  Table  4-4  in  Module  4.    Values  are 

r 

LangleyS  and  should  be  multiplied  by  3.69  to  convert  the, 
units  to  Btu/ft^-day.    If  the  values  in  Table  4-1  are  inappro- 
priate, Figure  4-20,  may  be  used.    It  will  be  necessary  to 
interpolate  between  the  iso-radiation  intensity  lines. 

C.  Average  radiation  for  the  month  of  January,  #(S),  is  determined 

*  -i 

by  multiplying  the  "value  in 'B  by  31,  the  number  of  days  in 
January. 

^     D.     The  building  heat  load  for  January  is  calculated  on  worksheet  TA-1 

E.  Divide  item  C  by  item  D.  This  yields  the  quantity  S/L. 

F.  Enter  collector  tilt.    The  recommended  collector  tilt^fe  lati- 


tude  plus  15  degrees  far  heating  systems.^- 

G.  '  Collectors  oriented  due  south  i^zero.    dff-south  angles  east 

or'west  of  south  should  be  indicmed.  '  u  , 

H.  Indicate  whether  a  heat  exchanger  is  used. 

\  •  '  f 

I.  .  VQalculate  collector  area  as%  follows:  / 

Qolumn  [1],,  enter  triaTnumber.    Note:    Trial  collector  sizes 
will  be  us£d  in  the  life  cycle  cost  analysis, to  determine. 


best  collector  size.. 
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"Workshie<?t  TA-2 


SOLAR  SYSTEM  DAT-A 


m 


•Building  Owner: 
'Address: 
Contractor: 


Type  of  Solar  System  (air  or  liqujd)^ 


A.     Location:    Nearest  city 


B.     Mean  daily  solar  radiation  in  January  (s) 


Latitude  {%)  _  

\       ■  .( Btu/  f  t2  •  day ) 


D. 


January  solar  radiation  on  a  horizontal  surface  (S) 

-.  *   ■  \    (B  x  31 )  =  " 


January  building jheat  load-(L) 


(Btu/ft^-mon.th) 
( BDu/month ) 


E.     January  solar  .radiation     January  building  load 

(S*l)  =   


(l/ft2) 


F. 
G. 

H, 
I, 


Collector,  tilt 


i  + 


OF  i- 


Col .lector  Orie'ntation 


degrees , 


from  south 


Heat  Exchanger  Temperature'  Difference  (Liquid  systems  only) 
Fraction  of  annua]  heating  load:  -  . 


°F 


[1] 


[2] 


[3] 


[4] 


[5] 


•[6]-  "[7] 


Trial 
Number 


Trial  Collector 

Area  -at  - 
Tilt  =  Latitude 
A 


Area  Corrected 
'  for 
Tilt 

'  -  A 


Area  Corrected 
for 
Orientation 
A 


Area  Corrected 
for 

Heat  Exchanger 
A 


SA 


{2]  Selected  arbitrarily  or  determined  from  f 

[3]  Correction  toVlumn  [2]  for  tilt  n|t  equal  to  latitude  +  15°  (Fig..  14 

[4]  Correction  to  column  [3]  for  orientation  (Fig.  14-3), 

[5}  Correction  to  column  [4]  for  heat  exchanger  (Liquid  systems  only') 

[6]  From  Figure  14-1.    '  \ 

[.7]  Selected  arbitrarily  or  determined  fr^m  Figure  14-1 


14-11  ' 


V 


.Column  [7],  enter  fraction  of  load  to  be  carried  'by  solaf. 
Column  [6],  enter  the'value  from  Figure  14-1  for  the -liquid 

or  ^ir  systeifi .    "  -  m  - 

Column  [2],  calculate  lirea  .from 

A  =  value  in  "column  [6]  *  item  E*  % 

Column  [3],  correct  area  for  flatter  or  steeper  tilt  than 

£  +  T5  using  factar  from  Figure  14-2,    Divide  A  in 
•  ».  **■ 

column  [2]J)y  factor  from  Figure  14-2.  f 

Column  [4].,  correct  area  for  prientat'ion.    Divide  A  .in 

•column  [3]  by  factor  from  Figure  14-3.^ 

Column  [5],  correct  a^ea  for  heat  exchanger.    Multiply  A  in 


s 


column  [4] 'by  [1  +  (tempe(ature  difference  in  H/100)],' 

'  -  10      '  * 

i.e.,  [1  +  -|-qq  ]  for  a  10  degree  temperature  difference 

at  the  heat  exchanger.    NOTE:    This  applies  to  liquid 

systems  only.  - 

Fraction  of  Annual  Load  — s 

 s_  r    —  m 

The  calculations  to  determine  the  fraction  of  annual  load  can  also 
be  made  by  using  worksheet  TA-2. 

Items' A  through  H  are  provided  in  the  same  manner  as  previously 
described.  * 

~*   \.     Calculate  fraction  of'arinual  load  as  fdllows:        *      -  x 

Column  [T]>  enter  trial  number.*"  Note:    Trial  collector  sizes  y 

*!  will  be  used  In  the  Jife  cycle  cost  analyses  to  determine 

best  col  lector  size. 

Column  [2J,  enter  trial  collector  area. 

Column  [3]>  correct  area  (for  tilt. 

v 

Divide  column  [2]  by  factor  fnom  Figure  14-2. 

m£       \    '  .  404  -      ;  . 


Column  [4],' correct  area  for  orientation. 

.  Divide  column  *[3]  by  factor  from  Figure  14-3.  .  4 
A Column  [5],'  torrect-area  -for-  heat -exchanger.  . 
.     '  •  Multiply  column  [4]  by  (1  +  temperature^! fference  f 

NotQ:    Th^'s  applies,  to  liquid  systems  only.  •, 
*  *   *  *  *. 
Column  [6],'  calculate  SA/L. 

Multiply  A  in  column  [2]  J>y  S/L  in  ijtem  E  of  the  worksheet 

Column  [7],  read  f  from  Figure,  14-1  for, air  or  liquTcPsolar  4 

system,  ■  «  *  , 

£xtra  worksheets 'are  provided  at  the  end  Qf  this  module.  Copies 

ujd^be/madet  from  the  blank  forms  for  general  office  use. 
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^"A  bail  ding,  in  Boston',  Massachusetts, has  a  January  hea'ting  jtoad  of, 
'27^  million  Btu  per  month  and  an  annua  fTJeCung  .loa'd,  B, "of  154.08 
'million  Btu- per  year.    An  Mr-heating  solar  system  is'  planned,;         '  '  ' 

The.coWector  is  to  be  tilted  at  an  angle^f  83  degrees  from  the  '  • 
horizontal  and  faces  35  degrees  west  of  south.    Determine  the  solar 
collector  area 'required  to  proyide  60 'percent  of  the  annual  heating  load. 
The  solution  is  given  onr  worksheet  TA-2.  k  * 

From  worksheet  TA-J2,  the  area  required  is  1060  ft2.  .  if  the  collector 
modules' a  re '3  feet  by  6.  feet-,  then  the  total  number  of  collector  • 
modules  required  is: 

/ 

•      N  "  18  ft^/module    "   58"9  modules   '  > 

Because  integer,  and  usually  even  numbers  of  modules  are  desired,  y 
'^collector  modules  will  probably  be  used. 

SOLAR  SYSTEM  SIZING 

-   When  the  collector  area  has  been  determined,  the  other  system 
components  may  be  selected.    Worksheet  TA-3  is  provided  for  convenience. 
Most  of  the^sizing  guidel ines  are  provided  in  Table  14-1,  except  for 
sizes  of  pumps,  blowers  ^and  heat  exchangers.    The  selection  of  heat 
exchangers  "may  require  specialized  assistance.    Manufacturer's  represen- 
tatives /or  catalogs  can  be  used  a-'s  aids  in  taking  proper  selections. 
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14-14 


SOLAR  SYSTEM  DATA 


Worksheet^  TA-2 


Bunding  .Owner :  .  - 

Address:  "   

Contractor:     '       T  ' 

*  * —  '  ^ — ;  

TyDe  of  Solar  System  (air  or  liquid)     jfl-j  TO 

A.  Location:    Nearest  city  ffo^r)  Latitude  (&>  AJ£  ; 

B.  .Mean  daily  solar'  radiat-ion  in  January  (s)  =      Lf~7b      *'  (Bt'u/f^,  dfey) 

'C.     JanuaY-y  solar  radiatwnjbn  a  horizontal  -surface  (S) 

'  ^         (B,x,31)  =  /f^tBlo  (Btu/ft2»nionth) 

*D.     January  building  heat;  load  (L)  -  SCJ  8s:A;Ooq  '(Btu/month) 

E.     January  solar  radiation  *  January  building  load  ■ 

(S  :-L)  =O.QQQ^3     (l/ft2)  ' 

Collector  tllf   or    a-   > 

■\ 

Collector  Orientation    36T         degrees, „.  LOfiS+        from 'south 


•F. 
6. 
H. 
I. 


degrees,^  tOfiSf 
Heat  Excfvangdr  Temperature  Difference  (Liquid  systems  only)  Q 
Fraction  of  annual  heating  .load:  >  .  * 


°F  * 


[1] 

[21  - 

•        [3]  - 

[4] 

*      [5]  . 

[6] 

7-C7]  , 

w 

Trial 
Number 

Tibial.  Collector 

*  Area  at* 
Tilt  =  Latitude 
A  * 

Area  -Corrected 
for 
Tilt 
A 

Area  Corrected 
for 

Orientation 
A 

Area  Corrected 

for  . 
Heat  Exchange^ 
A 

SA 

If'- 

* 

V.  * 

i : 

/ok) 

* 

0 

f2],  Selected  arMtrarily  or  determined  ..from  f  :   '  \.  . 

!>[3j*  Correction  to  column  [2]  for  tilt  not  equal  to  latitude  +  -15°  (Fig.  4-2) 

,    •  [43'  Qorre.cti^n  to  coljjmn  [3.]  for  prientatioo  (-Fig.  04-3)  *  '   t  * 

{Si ^Correction  to  column  [4]  for  heat  exchanger  (liquid  bys terns  only) 
>  '      -  *  ,  •         *  .  ■  \ 

[6]    From  Figure  14-1     -  K  *m  ,  x  •  /• 

[7]  .  Selected  arbitrarily  or^etermined  from  Figure  14-T  ^ 


WORKSHEET  TA-3 

*Vfc 

■  •  SOLAR  SYSTEM  SIZE 

°  *  * 

Type  of  System  .  . 

Economical  Collectdr  Ai*ea  (  „  ft2 

Collector  Tilt  ?  .  .  degrees 
Collector*  FJu id  Flow  Rate: 

1.  Air. System  (1.5  to  2  cfm/ft2  collector)   ___cfm. 

2.  1  !4^d^steni  -(0,02  gpm/ft2  collector)  ,  _^  jpm 

Blimps:  „'  Li q^d  System  -v 

«1 .     Collector  loop  flow^ate  CD. 2)  .        *  » 


2..    Storage  loop  flow  rate ^1 .5 x  E.l ) 


3.     Service  water  preheater 


with  furnace)-         *  /    .  *Head 


<gpm 


Head  ft 


Spm 


Head  *  ft 


_gpm 


Head         ^  2-3  ft 


4.     Heat  distribution  coil  (depends  -       *  jf   L_gpm 

upon  hfeat  delivery  rate.)  *  .  '   Head  ft.  / 

Blowers:  ^  Air  System       '  • 

1 Collector  loop  (D.l)  .       •    Cfm  ■  , 

K  .  b  •  '  \  t  Head         1-1.5        in  w.g, 

2;'     Distribution  bloWer  (provided     -  cfm 


in  w.g, 


3.     -One  blower  system  (Itl)  .  '  cfm 

^  *  1  •  Heacf         1-1,5        in  w.g. 

Storage:  ■  *  .  ^  ♦ 

1.  Liquid  system  Bx-2.0  gallons/ft2     .  %         1    gal 

collectpr  *  . 

2.  '    Air  system  B  x  1/2  ft3/ft2  collector,     '  ft3 
v  ^  *  •  r 

y(a|,  Pebble  size  (1-in.  screened  *    *  - 

concrete  aggregate)  # 

(b)    Q^dss-section  area-  (D.l  *  20}       »    *   *  ft 

(c}    Rock  depth    (G.2*G.2.b)  .  — fi>' 

Heat  Exchangers:  ^  , 

Cortsult  heat  exchanger  manufacturer  .  •    .  »" 


3 
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*   Worksheet  TA-2 


'-SOLAft  SYSTEM  DATA 


Building  Owner: 
^Addrejs 
Contractor 

Type  pf  Solar  System  (air  or  liquid) 
ocation:    Nearest  city 


.  Latitude  U) 


ean  dguij y  solar  radiation  in  January  (s)  > 

C.  January  solar  ratiiation  on  a  horizontal  surface  (S) 
-  *  *(Bx31)'=  

D.  Jhnuary  building,  heat  load  (L)  '  ' 


jBtu/ft2:day)  , 

(Bt'u/ ft2 -month) 
(BJu/mortth) 


l *     January  solar  radiation  :  January  building  load 


Id/ftz) 


F.\    Collector  tilt 
6.    *  Collector  Orientation 


i  + 


or    £  - 


degrees , 


from  south 


H.     Heat  exchanger  Temperature  Difference  (Liquid  systems  only) 


or 


'  4> 


I.     Fraction  of- annual  heatYmj  load: 


Ci  J 


[2] 


[3] 


[4] 


[5] 


{61  [7] 


/Trial, 
Number 

W 

Til* 

Col  lector 
\rea  at 
=  La ti  tude 

A 

 -#  1 

Area  Corrected 
for 
•Tilt  * 
A 

Area  Corrected 
for 
Orientation 
A 

Area  Corrected 
for 

Heat  Exchanger 
A 

SA 
L 

»  f 

— \ 

t— 

— ^ — 

-4  ■  ■ 

*  

[2] 
[3] 
[4] 
[5! 

♦  K< 

['7 


SeJ ducted  arbitrarily  or  determined  from  f 
Correction  to 
^Correction  to 
Correction  to 
I  rum  Hqure  1^ 
SpI  pc  t  t'*d  artn 


column  [21  for  tilt  not  equal  to  latitude  +  1$    (Mq.  14-?) 
06 1  Limn  [3]  for  orientation  (Fiq.  14-3) 
'column  [4]  for  heat  exchanger  (liquid  systems  only) 


rarily  or  .do  term  mod  Figme  14- 


4iL 


Worksheet  TA-2 


Building  Owner: 
i   Address?  ' 
Contractor: 


SOLAR.  SYSTEM  DATA 


Type*  of  Solar  System  (air  or  liquid) 
-A*.     Location:  "Nearest  city  


B.  Mean  daily  solar  radiation  in  January  (s) 

C.  January  solar  radiation  on  \  horizontal  surface  CS) 

^  ,  '  (B  x  31 )  = 

D.  January  bui  1  dir^g  heat  load  (L)   


latitude  U) 
'  i   *  i 


_(Btu/,ft2.day) 

(Btu/ft2 
(Btu/month) 


E.  January  solar  /fidiation  :  Jaruiary  building  Iqad 

F.  '  Collector  tilt  :    z  +  vr 

G.  1 


(l/ft2) 


Collector  Orientati©n. 
/ 


degrees , 


from  south 


H.  Keat  Exchanger  Temperature  Difference  (Liquid  fystems'only) 

I.  Fraction  of  annual  heating  load: 
-    [2]  C3]'      ,  [4] 


[bj 


[6]  [7] 


Tr'ial , 
lijmber 

Tridl  Collector 

'  Area  a* 
Tilt  =  Latitude 

Area  Corrected 
for 
Tilt 

Area  Corrected 
for 
Orientation 
A* 

Area  Corrected 
for  ]. 
Heat  Exchanger 
•  A 

5A - 
'L" 

•A 

> 

T  

6 

r  " 

[2}  Selected  a'rr>i trari ly  or"  determined  from  f 

r.3]  Correction  toxolumn  [2]  for  tilt  riot  equal  to  latitude  +  lb    (fu|.  1 

[4}  Correction  to  column  [3]  for  orientation  (Fig. -V4-3) 

[bj  ConectioM  to  column  [4]  for  heat  exchanger  (liquid  systems  pnlyj 

[6]  I  rom  Tiqure  14-1  •  ' 

•/{7]  Selected  arbitrarily  or  determined  from  Figure  14-1 
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WORKSHEET'TA-3 


SOLAR ^SYSTEM  SIZE 


A.  «   Type  /of  System  [ 

B.  •  Economical  Collector  Area 

/  1 

C.  , £o]iector  T^lt  i 


D.  x    Collector  Fluid  Flow  Rate:  ' 

1 ,  t   Air  System~(l  .5  to  2;  cfm/ft2  col'l'ector)1, 

2.  kiquid  Systejn  (0.-02  gpm/ft2  a-Hect^r*)' 

E.  Pumps :    Liquid  System' 


1. 

3. 


Collector  loop  flow  rate  (D.2) 
Storage  loop  flow  rate  (l.SxE.l) 
Service  water  pretieater  t  * 


4/1  Heat  distribution  coil  (depends 
;\  upon  heat  delivery  rate) 

Blowers:    Air  System  .  %  • 

1  .    \Col lector  loop  (D.l ) 

2.  distribution  blower  -(prdvided 
lithr  furnace) 

3.  One  blower  system  (D.l) 


G.  Storage 

1 ,     Liquid  system  B x  2.0" gallons/ft2 
collector 

*2.     Air\  system  Bx'1/2  ft3/ft2 'collector 

(a)  \  Pebble  sjze  (1-in.  screenec 
\  concrete"  aggregate)  "? 

(b)  ^ross-section  area    (D.l  :,20) 
;,(c)  *\Rock  depth    (G.2  :  G.2.b)  !" 

H,  ,  Heit  Exchangers: 

*  Consult  heat  exchanger  manufacturer  . 


^3 


A. 


1-1.5 


1-1  .5 


degrees 


cfm 


gpm 


_gpm 
ft 


_gpm 
'ft 


_gpm 
ft 


_gpm 
ft 


_cfm 
_in  w.'g, 

_cfm 

_in  w,<g. 

cfm 
in  w.g, 


gal 


ft* 


..  ft' 
~  ft 
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WORKSHEET  TA-3 


SOLAR  SYSTEM  SIZE 


Type  pt  byst§oi 

Economical'  Collector  Area 

• 
* 

Collector  Tilt'*-— ^ 

( 

Collector  Fluid  How  Kate.        -             ^  > 

» 

IT  'Air  System  (1.5  to  2  cfm/ft2  collector) 

f 

 —  

2-     Liquid  System  (0.02  gpm/ft2  collector) 

m 

Pumps:    Liquid  System 

1.     Collector  loop  flow  rate  (D.2»)  1 

* 

Head 

,27     Storage  loop  flow  rate  ( 1 . 5  x  E .  1 ) 

He'ad 

3.     Servifce-water  preheater 

'  3 

Head  2-3 

4.     Heat -distribution  coil  (depends 
upon  heat  delivery  rate)  * 

.r 

-Blowers:    Air  System 

Head 

1 .     Collector  loop  (D..1)            ;  . 

Head         1-1.5  . 

2.     Distribution  blower  (provided     '     '  * 
,    with*  furnace)                  *s  • 

Head  ' 

3.     One  blower  system  (D.I) 

Head  1-1.5 

Storage:- 

1.  Liquid  system  Bx2.0  gallon's/ft^ 

collector  ,  jl 

2.  Air  system  Bx  V2  ft3/ft2  collector 

_  »  '•      .  i 

(a)  -  Pebble  size  (T-.io'.  screened 

concrete  aggregate)  , 

(b)  Cross-section  area  (0.1:20) 

(c)  Rock  depth  .  (G.2  :  G.2;b) 

Heat"  .Exchangers:  , 
Consult  heat, exchanger' manufacturer 


ft' 


degrees. 


cfm 


_gpm 


gpm 
ft 


ft 


gpm 
ft 


gpm 
ft 


cfm 

in  w.g. 
cfiti.  , 


cfm  . 
in  w.g. 


ft2 
•ft 
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15-1 
INTRODUCTION 


The  major  portion  of  the  cost  of  heating  a  house  with  a  conventional 
heating  system  is  the  cost  of  energy^sed  by  the  system..  Avsignif icant 
portion' of  the  cost  of  heatirtg  a  house  tn'th  a  solar  system  includes' pay- 

mi 

merit  for  solar  hardware  as  well  as  energy  used  by  the  auxiliary  unit  in 
the  sola/  system.    While  the  capital  investment  in  a  conventional  heating 
system  is  usually  less  than  $2,000,  the  capital  investment  in  a  solar 
heating  system. is  many  times  that  amount. 

'An  economic  analysis  of  solar  systems  involves  comparison  of  the 
capital  and  operating  cqsts  of  a  solar  system  with  the  operating  costs  - 
of  a  conventional  system.    Among  the  many  methods  available,  the  method 
of  life-cycle  cost  is  explained  in  this  module.    In  this  method,  the 
annual  cash  flows  for  solar  and  non-solar  systems  .are* considered.  If 
the  cumulative  difference  in  cash  flows  (non-solar  minus  solar)  is 
positive  over  the  life  of  the  solar  system/  then  the  solar  system  is 
economically  viable. 

OBJECTIVE         •  '  « 

■  * 

The  objective  of  this  module  is  to  describe  the  life^ycle  cost 
method  of  economic  analysis  to  compare  solar  arid  non-solar  systems.  The 
trairree  should  be  able  to  use'the  work-sheets,  provided  in  thi^  module  to 

1.     Determine  the  annual  cash  flows  for  sqlar  and 

%  — 

non-solar  systems *  .  -  • 

?.     Determine*  the  feasibility  of  a  solar  system^ 
3.     Optimize  the  collector  area  W  a  particulairsolar 
system  insUl  latlori. 
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15-2  ■' 
ENERGY  COSTS 


The  conversion  of  unit  costs  tff  energy  to  dollars  per  million  Btyj 
(4/mBtu)  with  various  furnace  efficiencies  is  shown  on  Figure  15-1  for 
natural  gas,  propane,  and  No.  2  fuel  oil.    The  conversion  of  electric 
energy  costs  to  dollars  per  million  Btu  for  resistance  heating'  and  heat 
J  pumps  with  various  coefficients  of  performance  are  shown  on  Figure  15-2. 
To  determine  £he  cost  per  million  Btu  of  heat  generated  from  furnaces, f* 
electrii  resistance  heaters,  or  heat  pumps,  follow  the  unit  cost  of 
energy,  found  on  the  horizontal  axis  of  the  graphs,  vertically  to  theY 
appropriate  line  on  the  graph  and  read  the  cost  Mn  dollars  along  the  ^ 
vertical  axis.    For  example,  if  No..  2"  fuel  oil  costs-fifty  cents  per 
gallon,  and  the  furnace  efficiency  is  60  percent,  the  energy  cost  is 
$fr^5o/mBtu  or  60  cents  per  therm  (£/therm)'.    If  the  furnace  is  more 
efficient,  say  70  percent,  the  energy  'Cost  is'  $5.10/mBtu  or  51  t /therm. 
1   Similarly,  if  electricity  coststhre'e  cents  per  kilowatt-hour  U/kWh), 
an<f  resistance  heating  is  used,  4the  energy  cost  is  $'8]80/mBtu.    If  a 
heat  pump  lo  used,  and  the  COP  of  the  heat  pump  is  2,  the  ehergycost 


is  SOO/mBtu^  t  ; 

The  cost  of  energy  wiU  increase  ift  future  years  and /an  estimate 

/ 

of  the  rate  of  increase  is  subject  not  only  to  inflation  grates  of  goods 
and  services,  but  also  to  economic  and  political  decisions  of  the  federal 
government  and  the  governments^ of  other  rvations.    One  expects,  therefore, 
the  rate  of  fuel  cost  increases  to  be  different  from  "normal"  inflation 
rates.       *  -  /  " 
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;     '    0     0:10    0.20  0.30  0.40  0.50  0.60' 0.70  0.80  0.90    1.00  I.I0\J»20 

•   •  Dollars/ Energy  Unit'      V,  •  * 

x^^"'-"         Natural  Gas- Price/ 100ft 3    #  2  Euel  Oil- Price /Gallon  ^ 
'  '         Propane  —  Price/Gallon  •  ,/ 

Figure  15-1.'  Energy  Cp«i t  per  Million  Btu  for  Natural  Gas,  Propane  and 
No.  2  Fuel  Oil.*  -  ' 
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15-5 
INFLATION  RATES 


The  increas.es  in'costs'per  unit  of  energy,  several  years  iry.the,   '  * 
future,  in  tehns  of 'cents  per  gallon,  cents  per  kilowatt-hour, -centV  ' 
;  per  hundred  "cubic  feet  of  natural ,  gas,  or  ,doT-l«ar£*per  therm,  can  be 
'  estimated .on  the  basis  of-annual  percentage  increases  over  current 
.   -    costs.    The  multiplying  factors  for  current  ertergy  costs  .to  determine  v 
future  costs  js  showa.on  Figure  15-3.  .The  horizontal  axis  is  the  years 
beyond^fche  current  year..  The  vertical  axis  gives  the  multiplying  factor 
over  currenPbosts.  *  ,.'       ' .  M 
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;FigunM,5-3.    Inflation  F^ors 


.  •'  •■        v..'5"6  - 

For  example,  if  the  current  cost  of  electricity  is  expected  to- 
fncf easte' at' a  rate  of  6  percent  each  year  for  ttie  next  12  years,  at  the  1 
end  of  12  years  the  electricity  cost  will  double.    .If  3  , cents  #*r  kilowatt- 
hour  is  the  current  cost  and  heating  cost  is  48.80  permilljon  Btu,^^the 
end  of  \%  years  the  electricity  will  cost  6  cents  per  kilowatt-hour  and 
$1 7. 80 ''per  million  Btu.             •  • 
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SOLAR  SYSTEM  COSTS 
N  •  •  •  "     •  . 

*»  »  *  — 

There  is  much  speculation  about  the  installed  cosjis  of  complete 
solar  systems  arid  there 'Ts  little  information  available  to  substantiated 
published  information  oh  costs*    System  afsts  based  on  research  projects 
and  demonstration  projects  funded  by  th£  federal  government  are  mis-  . 
leading  because  the  total  costs  of  su^h  projects  'include  considerable 
engineering9  design  £osts ,  'research  staff  co^ts,  <in  some  instances  instru- 
-  ment  cesfs  for  monitoring  the  performance  of  experimental  systems;  and 
ofteq  development  costs  of  several  alternative  components  in  the  systems 
are  included.    T;he  costs' reported  in  popul ar  magazines  and  newspaper 
/  accounts  are  likewise  misleading  because  often  systems  which  are  designed 
and  assembled  by  the  owner  on  a  do-it-yourself  basis  are* cited  and  cost 
for  the^  owner's  time*  is  seldom  included  in  tye  cost  quotations. 

On  the"  basis  of  a  few  commercial  solar, installations  made,  where  no 
governmental  subsidy  has  been  involved,  the  installed  costs  of 'practical 
solar  space  ar$*hot  water  heating'systems  of  the  .types  discussed  in  this  course 
range -from  19  to~about  30  dollars  per  square  foot.    The  lower  cost  is 
appropriate *f or  simple  hydronicand  air  systems,  ranging  in  size  'from 

500  to  1000  square  fe^of  collectors,  where  some  economy  of  scalje •  is 

*    *  » 
realized  over- small  ^ystems  and*where  experienced  installeVs  and  timely 
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scheduling  are  arranged  with  th£  building  construction.  The  higher  costs 
are  appropriate  for  smaller  systems  and  difficult  installations. 

The  costs  "for  collectors  currently  (1976)  range  from  7  to  about  - 

'  \15  dollars  per  square,  foot,  F.O.B,  th6  job  site,  wjth  more  efficient 

\     \  *"  :  - 

Collectors 'being  generally  more  expensive,  ..Storage  will  add  one  to 

\  '  /  *  *  .  '  * 

^  \vjo  dollars  per  square  foot  of  col  lector  to  the  system  e6sts,  and 
.appurtenances,  from  5  to-8  dollars  per  square  foot..  Including  the 
cost  for  experienced  labor  for  installation,  overhead,  and  profit  of 
6,to  8  dollars' per  square  foot,  the  installed  system  costs  range  from 
1*9  to  3%3  dollars  per  square  foot- of  collector,  with  an  average. cost  of 
about  25  dollars  per  square  foot.  • 

'     ^  ^  '   *   .  /'.'        .MORTGAGE  PAYMENTS   '  ■ 

*'       *Th#  largest  pprtion  of  tjhe^anpual  'cost  ofo~a  solar  system  is  the  * 
repayment  of  the  lban  obtained  to *ins>tdl  1-  the. system.    The  Ijpan'may 
be  based  otn  the  .total  bu^Vfi^hg  costs  %r  separately  on  the  solar  system 
alone.    In  ei  ther^event*,  ^<fown  .payment  *&#]Tftg  from  10  to  20'  percent 
is  required  to  secure  tbe^lokn.    The  aj^ual /mortgjjge  payments  can  be 
calculated  fronv  the  mortgage  interest  rate,  and  term  of  the  loan  using 
the  curves  of  Figure  15-4.       ,  .    .  K  ■ 

,  To  illustrate  the  use  of  figure  15-4,  suppose  that  a  solar  system 
with4500  square  feet  of  collectors  costs  $12,500..  (determined  by  500  ft2  X" 
$?5/ft  ).    A  20-year mTan  ivobtained  to  purchase  and  install  the  system 

%  • 4      i     £?    f :  ' 

with>intr«rer>t  at  9  percent ytfMch  requinp§  a  20  percent  dowft payment , 


Jhe  annual  mortgage  payinentl\n  the  Joan  is  calculated- as 
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Example?  • 
A.nnual  Repayment  on      -  v 
$  10  00  @  7  %  Interest,  1 5 yr  Lo^an  ^ 
$  1000  x  jO.  I  I  =$110  ^ 


V 


'6       8    i  10'     12,    .14      16  .  18     ,20     22      24  -26*  28 

Years  'of  Loan  : 


\ 


A 


V  1 


Fi'jure  15-4.    Inpayment  on  Loan  ' 


I 
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TAnnual ;',  ,  '   .  \  ' 

Mortgagee  (System  cost  -  down  payment  )x'(  Annua|  repayment  j 
^Payment  \-       ,  Ta"or- 
.     •         ,v-  •    '•.  [from  Figure  15-?5 


on, 


$U0tf.«  (12,50Q  -  2500)  X  (CUT).  „ 

PROPERTY  TAX,  INSURANCE.AND  CREDIT  ON  INCOME  TAXES       :  1 

The  annual  cost  of  a  solar  system  includes  all  the  items  contribut- 
ing to  the  cash  flow  to  operate  a  solar  heating  system.    The' costs 
include  the  mortgage  payment  ancMuel  costs,  operating  and  maintenance 
costs, •  property  tax,'  insurance  on  the  solar  system,  and  savings  on  . 
federal  and  state  income  taxes  for  interest  paid  on  tfie  loan.    In  some 
states  there  are  additional  credits  provided  to  state  income  taxes'  for 
owners  of  -solar  systems .    Spme  of 'the*se  special  tax  credits  are  sub- 
stantial  and  impact^significantTy  on  the  annual  <tosts  *of  the  solar 
system.  -  t  *  * 

Property  taxes  are  based  an  a  fraction  of  the  assessed  value  of  the 

solar  systpm.    The  method  of  assessment and  the  tax  rate, 'vary  from 

state  to  st%te  and  sometimes  from  county  to  county  within  the  state. 

The  office,of  the  county  treasurer  can    provide  detailed  information  on 

*  *  * 

method  of  assessed  valuation  and -the  tax  rate.  ,  Usually,  the  assessed 

i 

value  is  a  market  value  of  the  property,  and  the  tax  rate  is  applied  to  a 
. fraction  of  the  assessed  value.    The  property  tax  rate  varies  widely, 
from  zero  in  some  states  to  ten  percent  in  others .  ^fhe  property  tax 
can  be  calculated  as:  •  •  • 

t  r 
Pr%Perty  =  [System  cost)  X  (fraction  for  taxable  value)  X  (tax  ra 


Insurance  rates  on  houses  with  a  solar  system,  at'present,  cire 
the  same  as  for  houses  without  sol ar° systems.    The  basic  insurant 
rate  depends  upqn  , "the -type  of  house  construction  and  location  of  the 
building  within  'or  outside  a  city  or  town.    The  insurance  rate  for  a  •  , 
comprehensive  homeowners  policy  differs  from  that  for  a  straight  fire/ 
"Insurance  policy, and  the  insurance  rates  for  earthquake  and  flood  A 
.damage  (which  are  federallyjsubs'idized)  .are  the  only  special  insurances  , 
avaiUble  ^^^p^rs  of  buifldings.    The  information  on  various  insurance 
rates  is  '  avai^Se  <>from  Ideal  insurance  agents.    However,  very  few 
insurance  compatiQS*  have* established  insurance  rates  for  sol aN systems . 
Damage  tb^the  contents  of -a  buil ding' resulting  from  leaks  in  piping  or 
'storage  tanks  or  damage  to  the  solar  system  resulting  from  flooding  by* 
nattfraV  causes  -is  based  on  comprehensive  or  flood  insurance  rates. 
Although  there  are  many  factors  to  be  considered,  the  annual  premium  on 
insurance  for  houses  with  solar  systems  is  less  than  one  percent  of  the 
*alue  of  th^house  and  contents,  and  ranges  from  0.3  to  about  0.6  percent. 

The  "sattrigTs"  bri  state  and  federal  income  taxes  for  interest  paid 
on  thet  mortgage  can  be  substantial,  depending  upon  the  "tax  bracket"  of 
the  homeowner.    The  amount  of 'interest  paid  annually  on -the  mortgage 
decreases  with  the  number  of  years  remaining  on  the  mortgage.    The  por- 
tion of  annual  mortgage  which  is  paid  as  interest  can  be  determined  from 
the  graphs  on  Figure'  15-5/  The  "use  of  curves  in  the  figure  is  •  illustrated 
in  the  following  example.  ,  ••  . 

Let  us  assume  that  a  .loan  of  SI 0,000  has  been  secured  at  a  term  of 
20  years  and  9-percerjt  interest.    The  annual  mortqage  payment  was  computed 
*in  the  previous  .section  to  be  $1100.    Of  that  mortgage  payment,  $900  ] s 
.for  payment  of  injures t  in  the- first  year,  which  amdunts  to  82  percent  of 

.     •          .  427x 
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Mortgage 
jlnterest. 
Rate 
10% 
9% 
,8% 
7% 

6% 
5% 

4% 


0       2       4      ,6       8      10      12      14      16      18     20  22 
Years  Remaining  on  Mortgage 


Figure  15-5*    Fraction  of  Mortgage  Payment'Which  is.  Interest 
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0 


■  remain  on  3LM  mortgage  at  the  beginning..^/  the  year, 
j/entical  line  corresponding  to  20  years  in  Figure  15 


the  mortgage  payment.    As  this  is  the  first  year  of\payment,  20  years 

By  .following  the 
*  « 

5^  to  the  9  percent 
curve,  i't  is  seen  that  the* fraction  of  mortgage  payment,*  which  is  1 
interest,  during  the  first  year  is  0.82;    In  tjie  eleventh. year,  with  ten 
years  remaining,  on  the  mortgage  Vb-the  beginning  of 
interest  paid  during  the  year  is  *(0. 575)  x  ($1100^  or  $632.    The  income 
tax  savings  on  a  federal  or  state  return  wou'kd  be: 


r  Income  *  \  r 
{ tax  credit  '  ^ 


Interest  p^id  %    r  Tax  ralte  based  \ 
'    ^  on  net  income  ' 


on  loan 


federal  income  tax  return  provides  credit]  for  state^income  taxes 
paid  and  many  states  give  credit  for' federal  income  taxes.    Thus  the  full 
credit  for  tax  savings  resulting  from  payment  of  Interest  is  not  simply 
the  sum  of  state  and  federal  tax  savings.    The 'net  effective  rate  i$: 


Net 


r  r«"*<  \  (  Federal  ^  ,  ,  State  V  9  (Federal  ^y  r  ^ 
(  Eff ecti ve  )  =   (       rate  )  +  ( tax  rate    -  2  (tax  rate  Jx  I  tax  rateJ 

Kate 

If  the  income  tax  rate  on  a  federal  tax  re/turn  is  25  percent  and  on 
a  state  tax  return  is -10  percent,  the  net  effective  rate  is  (0.25  +  0.10- 
2x0.25x0.10=.)  JO. 30,  or  30  perce^  Thus  net  annual  income  tax  savings^ 
realized  on  the  federal  and  state  taxe's  for  the  first  year,  i^  the  pre- 
vious example,  are  (0.3Q-)  x  $900),  or-  $^70  and,  in  the  eleventh  year, 
(0.30)  x  ($632),  or  $190. 


State 


v.  f  .      OPERATING  COSTS  .  " 

The  cost  of  operating  a  solar  heating  system,  including  the  cost 
,1 

for  operating  the  auxiliary  unit  in  the  system,  is  the  cost  of  electric 

E  '  r  >  • 

.  energy  required  to  operate  the  pumps,'  central  heat  distribution -fan, 

i  ■  i 

valves,  and  controller*  i|i  a  hydronic  system,  and  the  blowers,  motorized 

dampers*,  and  controller  (in  an  air  system.    The  amount  of  energydised  to. 

collect,  store,  and  distribute  solar  energy  varies  from  system  to  system 
\   )       .  I 

in  the  range  from  5  to  |0  percent  of  the  total  solar  'energy  collected. 

I 

The  lower  values  in  the [range'  apply  to  jot-head  systems  with' small 
pressure  drops,  and  airfsystems  with  single  blowers  with, small  pressure 
drops.    The  higher  values  in  the  range  apply  to  high-head  systems  with 
large  pressure  drops ^stoall  systems  with  large  pumps,  and  air  systems 
with  two  blowers. 

.  The  operating  cost  for  a  non-splar  system  is  miCch  less  than  for  a  * 
s&lar  system.  Although  the  blower  size  for  distributing  air  to  the  /  - 
nx^ms  is  the  same,  the  power  requirement  isj^ess  for  a  non-solar- system 
because  the  pressure  drop  in  the  stem  is  lower.  As  an  approximation, 
the  eile/rgy  required  to  operate  a/ncta-Sql^r  system  is  two  percent  bf  the 
total  jannual  heating  load. 


■*  .  MAINTENANCE  COSTS 

1"  ,  * 

TbeuH^intenance  (fists  for  solar  systems  are  unknown;  there  is  in- 
Sufficient  long-term  experience  with.various  systems  to  indicate  an 
appropriate  annual  maintenance  cost.    Whi/le  there  is  one  air  system 
that  has  been* operated  continuously  for  19  years,  on  which  the  maintenance 
cost  was  zero,  it  can  be  expected  that  all  solar  systems  wiliy'require  , 
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some  amount  Qf  maintenance* during  the  life  of  the  systems.    For  the  purpose 

\ 

of  economic  analysis,  the  maintenance  cost  for  the  first  year  can  be 
estimated  ,to  be  a  ffominal  amount,  say  one  hundred  dollars,  which  will  be  j 
escalated  annually^at  a  selected  inflation  ra,te. 

\       LIFE  CYCLE  COST  ANALYSIS 

•  '  \  ;  •  ! 

A  life  cycle  cost  analysis  provides  a  means  of  determining  the  net 
savings  realized  with  a  sojar  system  as  compared  to  a  non-solar  system. 
Annual  cash  flows  are  calculated  for  the  systems-  and  the  difference  will 

determine  the  savings  possible  with  a  solar  system  over  the  non-solar 

\ 

system.  *  \  *~ 

—       The  ntethpd  of  life  cycle  co^t  analysis  Enables  one  to  determine 
not  only  if  a  given  solar  system  i\s  economical  ,  .but  the  optimum  economi- 
cal. s£ze  of  the  solar  system.  w  By 'analyzing  severalj(at  least  three)  . 

^different  collector  areas  for  the  sol\r  system,  the  size  of  the  solar 


syste\p  which  will  yield  the  greatest  savings  over  a  comparable  number 
of  years  wi'T^be  'the  most  economical.  «l\e  methodology  is  outlined  in  - 
the  form'of  worksheets.         ,  * 

WORKSHEET  LCA-1,     - ~>  * 

Worksheet  LCA-1  is  used  to  calculate  the  installed  cost  .of  the  solar 
sys teethe 'mo rrt gage  payment,  tax  rates  and  insurance,  and  the  annual 
operating  and  maintenance  costs.    The  first  year  expense *of  a  non-solar 
system  Is  also  determined.  "  -  * 


m 

All 


V. 


BUILDING  DATA  (see  works hee 
A.  Building  annual  heat,- 


B.  Service  hot  water  load  (i 

C. ~  Total  Annual  load 
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FE  CYCLE  COST  ANALYSIS.  J 
BASIC  DATA     s  / 

TA>1< 
(in  <mi.11ion  Btu) 
million  Btu) 


V 


} 


.Worksheet  LCA-1 


, SOLAR  SYSTEM  DATA >(see  worksheet 

D.  Collector,  area 

E.  Fraction  of  annual  load  carried  b„ 
Unit  cost  of  solar  system  installed 
Installed  cost  of  solar  system  (DxF) 

H.\Type  of  auxiliary  headers: 
\.'l  Space 


I 


.1 


Service  hot  wate.  

[ciencies  of 'auxiliary  heaters 

Space  (%/100) 

\Service  hat  water  (2/100) 


Auxiliary  energy  costs  (see  Figures  15-1,  15-2) 

J.l    Space.   ($/m  Btu) 

 ($/m  Btu)  . 


J. 2    Service  hot  water 


FINANCIAL  DATA 

K.  Terms  of  loanu  Years 

L.  Down  payment  on  loan:" 

M.  Amount  of  loan :  G  -  L 


T 


'Interest  rate 
%/100xG 


(55/100) 


N.  Annual  mortgage  payment 
Factor  from  Figure  15-4 


x  M 


TAXE! 
"  P. 


x  P.l 


x  P. 2 


Q. 


>.  AND  INSURANCE 

Property  tax:'  G  

P.l    Ratio  of  taxable  value  to" 

installed  cost  '  

P. 2  -Property  tax  rate  

Income  tax  rate: 

j.l    rederal.  tax  rate;  

0.2    State  tax  rate   V(V/ 

.Q.3    Effective  tax"  rateUQ.l  +Q.2  -  2(Q.1)(Q.2)] 


< 


(%/100) 
"(%/100) 


(%/100) 
1(1/1 00). 


R.  Insurance:  [G 


'x  Insurance  rate 


;(%/ioo)] 


OPERATION  AND  MAINTENANCE 
S.  Operating  cost  first  year: 

(S.l  x  S.2xJfl)  '  m  Btu  x 

'  x   $/mlftu 

S.l    Annual  solar  heat  supplied  (E.x  C)  r 


,  S.2  Fraction  of  solar  for  electricity 
-  T.  Maintenance  cost  first  year  ' 

NON  S0CAR  SYSTEM  DATA  \.  • 

U'^TueT expenses  in'first  year:  \ 

"  1    Space  (A  xj.l      \  )• 


(m  Btu) 
(%/100) 


II.?  Service  hot  watei  :  (IT 
U.3    Tota'l  load    (U J  +  II. 2  j 


"x  J. 2 


V.  Opora'tinq  expetrses  in  first  year\  (U.3  x  0.03) 
W.  hiol  plu*>  operating  expenses  in  ftirst  year'  (U.3+V) 


(m  Btu) 
(m  Btu) 
(m  Btu) 

(ft2) 

(%/100) 

($/ft2) 

($)  ' 


(%/100) 
($/year) 


__($/year) 


($/year) 


J_($/year) 

_($/year) 
_($/year) 
^(l/year) 
($/year) 
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-The  annual  ^ash  flows  for  a'solar  [system  for  one  collector  area 
are  determined  frofy  WQrksheet  LCA-2. 

The  collector  ar^a  is  an  arbitrary  value  .and  the  solar, fraction 
of  total  load  is.dete ringed  by  using  worksheet, TA-2.  ,  The  auxiliary 
fuel  inflation  rate  is  estimated  and,  if  desired,  a  different  general 
inflation  rate  can  be  specified. 

%  Column  [1]  is  the  year  into  the ifutufie  for  which  the  analysis  may,*\ 

be  made.,    A  reasonable  economic  analysis  ca^  be  made  for  15  to  20  years 

•   ■  \ 

into  the  future.  t  '  ■      „     *  - 

Column  [2]  is  the  annual  mortgage  payment  determined  from  LCA-1, 

line  N.    If  the  mortgage  payment  is  a  fixed  annual  amount,  the  payment 

for        future  years  would-be  the  same  as  the  first  year. 

Column  [3]  is, the  years  remaining  on  the  mortgage  at  the  beginning 

of  the  year.    At  the  beginning  of  the  first  year  of  a  20-year  mortgage, 

there  Would  be  20  years  remaining.  * 

Column  [4]  is  the  fraction  of  the  mortgage  payment  which -is  paid 

as 'interest.    The  fraction  decreases'  with  increasing  years  and^y  be 

determined  from  Figure  15-5  for  the  particular  interest  rate  of  the 

mortgage* 

Column1 [5]  is  the  portion  of  the  mortgage  which  is  paid  as*  interest, 
and  is  the  product  of  coljumn  [2]  times  column  [4]. 

Column  [6]  is  auxil iary  fuel  cost,    Because  pf  expected  fuel  cost 
increases,  the  first  year  fuel  cost  will  increase  fo> subsequent  years.. 
The  first  year  fuel  cost  is  determined  from  worksheet  LCA-1  as  follows: 


Worksheet  LCA-2 
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LITE  CYCLE  COST  ANALYSIS 
'CASVFLOW 
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.*    »'  .    At.ji)ortjgage  Interest*  ratfe   JS/1QO  -  .    Collector  area 

*B7-^uxiriary  fuel  inflation  rate  'i/JOO 


— General  inflation  -pate  '  "      VI 00 

*  p3:.   [23"   '"[a]  '     C4]      •  [53  '••■"[63 


,[73 


[83 


ft2 

J./K 

[93  •  [103 


   .  System-Cost   

Sol  an  fraction  of  total  load.  '-/100..        Down  Payment  $__  ^ 

(use  worksheet  TA-2)  .  '  '* 


D13  [123 


-  "S 

.  Anna^T  _ 
Mortgage 
Payment 

Years 
Left  on 
Mortgage 
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Mr\ rf  na  no 
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&    as  •* 
Interest 

Interest 
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Anvil  n  a  yM  / 

huai J  1  dry 
rue  1 
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Property 
Tax 

T  n  cT)i  r3nr  q 

Operating. 
Cost 

\ 
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.Cost' 

T  nc nmp 
-  Tax 
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Annual  mor,tg5ge  payment  from  LCA-1,  line  N 
See  Figure'  15-5,     1  '  •  '  .  • 

Cpluma  [2}  x  cojumn  '^4]       ^  '  '  j    ,  ■ 

*''.'x[&]'  First  year  "cost  from  worksheet  LCA-ii :      -v  ■ 

.  (C)  x  0  -;E)<MJ.l)  •.  .  •  •  .  - 

•'•   ^     Second-  and  future<7e*ars :    •  %         .  , ' 

"*':- '"(previous  year  cost)  x        fuel  inflation  rate) 
[.71  See  line  P',.  worksheet  LCArl" 


ERJC^i- 


/ 

[8]  SeeHi^e  R,  worksheet  LCA-1  ,      •   .  ■ 

.[■9]  First  year  cost  see  line"  S,  worksheet  LCA-1  ?•  , 

•.  Second  and  future >year s : 
'< I       (previous  year  cost)  x  (1 -^.ue*!  in^ffWon  rate) 
[jo3  First  year  cost  see  linej,  worksh'aK- LCA-1 
Second  and  future  years:  *  2. 
'  Cprey'ious  ;yea.r  cost)'k  (1  +  general  infTatibn  rate) 

[H ]. Column-.  [5l-*  (Q,3,-  Works^eaj^A-1  U.>,-  , 

.[1,2,3  .Downpayme^t  .,+,t2]+['6 J+t 7]h«|[9]+W J-t.1  >],"   ♦ , 


• ..  435. 
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First  yea^ 
auxiliary 
fuel  dcos.t 


"Building 
Annual' 
Total  Load 


"Fraction  of  " 
Annual  Load 
Carried  by 
Auxiliary  1-E 


Auxiliary** 
Energy 
Cost 
'.J.l 


-The  second  year^fuel  cost, is* determined  by  multiplying  the  fi»;st  year 
'cost  by  '0  +  fuel  inflation  rate).*  For  example,  if  'the  first  year  fuel* 
:cost  >s  $400  and  tfle  fgel  inflation  rate  is  7  percent,. the  second  year 
cost4  is  (400x  1:07  =  )  $428^. The  fuel  cost' for  each  succeeding  year  is 
determined  by  multiplying  the  previous  year  by  (1  +  fuel  inflation  rate). 


be  chanq 


•The"  inflation  rate  may 

-Column.  [7]  is  tte'-annuai- 


1' 


of  any  year. ■ 


!rty**tax  determined  on  line,  P  on 

Worksheet  LCA-1.  L    ' »    * 1    *'  .  '  V 

,pi  ■  '         \  *    .  ~  /  ' 

.    Column  [8]  is  the  annual  insurance  premium  determined  on  line  R 

on  Worksheet  LCA-1  •.  >  .  . 

Column  [9]  is  the  annual  operating  .cost  of  the  so-lar  system.  The 

operating  cost  fo'r.^e  first  year      determined  on  line  S  of  Worksheet 

LCA-1."  The  cpst'for  each,  succeeding  year:  i  s  .determined  by  multiplying 

i 

the  previous  yeaj^-cost  by4(l  +  elecTrTcft*/  inflation  rate).    The  cost  for 
electricity  is  expected 'to  increase  at  the  fuel  inflation  rate..    -  - 

^Column  [1QJ  is'the  annua*!  -maintenance  cost.    The  first  year  cost  is  ^ 
estimated. on  line  T  of  yprksheet  LCA-1  /  The  annu^^ncrease  in  main- 
tenance  cost  can  be  estimated*drbitrartly,*or  the  cost  can  he  estimated 
by  multiplying  the  first  year  post^by '(1  +  general  infl^ion  rate). 

Column  [11]  is  the  income  tax  savings  calculated  by4 the  product 
thje , effective  tax  rate'on  line  Q.3  oT#orks'heet  LCA-1,  arfd  the  annual 
^interest  paid,,  in  column;  [5].    •  1  « 

.    Crflumn  [W]  is  the 'annual  expense  of  a  solar  system  and  is  'determined 
'  by^  column  [2*1  +  column  [6]  + column  [7]  if  column  [8]  + column  [9]  +  column  J 10] 
-  column  [11]  =  column %[12];  -  ->~  f  >  r      *V*y 4'  . 


I 

WORKSHEET  tCA- 3/ 
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Worksheet  3  is^  used -to  calculate  the  solar  savings  for  solar 
systems  with^hnee  different  coj lector  areas. 

Column  [13  is  the  year  into  the^future  for- which  the  analysis  may 
be  made  and  should  correspond"  with  worksheet  LCA-2./ 
A      Columh*t2]  is  the  total  fuel  and  operating  sost  for  the  non-solar 
system.-  The.fij^st  year  cost % is  the  .amount  on  line  W  of  worksheet 


LCA-T.    Thexpsts  in  succeeding^ yea^s^are  determined  by  multiplying 

tte'cas't  fcfr  -tfte  previo*  year  byN(lf+  fu«  -inflation  rate).' 

-    Column  [3]  is't'he  expense  witlr  a  solar  system  and  is  obtained  frojn 

column [12-]  'of  worksheet  LCA-2  for  a  given  collector  area.-  -  * 

ttflumn  [4]  is  the  savings  expected  with  a  solar  system  and*  is  the 

amoi/nt  in  colum(j\[2]  minus  the  amount  in  column  [3].  l*    ,  *' 

*  Column ^[5]  is^tfte  cumulative  saving  with  a  solar  system  and  is 

the  running  sum.of  column  [4]..'-  ■   '       '  t 

Col uijiR-s  *[6]- an<*  [9]  are*  th-e  expenses  with  a  solar -system  for  different 
,  ♦  ** 

size  collectors,  ob'ta-iQed  from  worksheet  LCA-2. 

Columns  [7]  and  [10]  are  the  savings  expected  with  different  collector 

sizes,  determined  from  (the  cost  of  the  nbn-solar>system)' -  (cost  with  "  n 

"*£  *      *  '  '     '  : 

a  .solar  .system*) .  *  .r    .  ^  , 

Colums^[gJ  and  {11]  are  the  cumulative  savings  expetted  with  the 
collector  size^specified.    The  collector  area  yielding  the  greatest  >K 
savings  is  the  size  th^^is  more  economical  to  install.  '  \^ 
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Savi  nas 
u/t  th  Sol  a  r 

1 

1 

\ 

,  -  '2 

 1  =  ■ 

 r  

- — f—r  ' 

•  * 

i 

3  - 

\  • 

4 

 <*  

'  \ 

•    *  - 

5 

4 

 tV  

»  \ 

6 

♦   '  \ 

7  . 

3 

* 

.3-. 

-  \  .  . 

10 

1  '  \"  ■ 

 '  K 

ii 

r          -  «  r- 

— ■  ; 

12 

"  c  ~~ 

 ^ —  ' 

13 

\ 

14 

15 

!  

*  • 

< 

\ 

'  16*' 

9 

\ 

17, 

% 

18- 

 7  

i  *» 
■  <u 
-  -< 

K  

-  * 

23 

4 

* 

[2J  First  year  cost,  .see  line.  W  of  worksheet. LCA-1 
Secord  and  future>'year: 

'previous  yearxost)  x  (1  +  fu«l  inflation. fate) 
M»}.o.£3]  Column  [12],  worksheet  LCA-2    ,  '  * 
4oO«]  Colurm  [2]  -  column. [3]   '  i 

ERLC ,         •  '  P 


I  UJ  I  U I M 1 1     |_  I  LJ  }     it  V/  i  r\  j  1 1  v-v-  t»        v<  t  i- 

[7]  Column  [2.]  -  column  [6] 

[9]  Column  [12],  worksheet  LGA-2 

[10]  Column  [2]  -  ccflumn  [9]  * 


A3d 
1 


r 
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.  '    s  '         '.EXAMPLE     ''  •  " 

\  •  '    "■  •  •  7-  ' 

"  A  building  in  Podunk,  U.S.A.,  has*  an  annual  spate  heating  load  df 

i    '  >  •        •  T  •  <>  ] 

V"  »  •  f 

\  100  m  Btti  an<J4?ater  floating  load  of  15  m  Btu.    A  solar  system  / 

\   for  the  building,  having  400  ft2  of  collector-  is  calculated   _ 

to  provide  50  percent  of  the  a'nnual  •  heating  load.    Electricity  at  3^/kWh 

is  available  and, electric  auxil iary  Seating  is  the  only  basis  on  wjtach 

%  s  * 
a  Ijo^n  can  bg  secured.        /  •  / 

The^rms  of  the  loan' are  20*years  at  9  percent  with  20  percfeift 

downpayment.    property  tax  amounts  to  ^-percent  on  one^half  the  jiarket 

v  value  of  the  system,  insurance  iM*. 5  percent  *of  installed  cost-find  the 

"owner's  income*  tax  bracket  is  30  percent  for  fedeVal  and  10  percent 

f or  *the  state  income  tax  return.    The  electricity  to  operate  tpe 

solar  system  is  5  percent  of  the  total  solar  energy. del  ivere,d  /as  useful  ^ 


heat,and  maintenance  cost  is  $1 00  for  the  first  year. 

m  I  •  '  ■ 

*      Electricity  cost  is  estimated  to  escalate  at  7  percent  oer  year; 

-and  qeneral  inflation  rate  will  probably  remain  2t  6  percent! for -the 

forseeabVe  fjiture.    Determine  the  annual  cash  flow  for  tfje  q^/ner  of 

the  solar  system  for  the  next  20  yea^s. 


v   ■  * 
*  :  440 


FRir 


v. 


-  -  «  * 
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Worksheet  LCA-1 


LIFE  CYCL£_C0ST  ANALYSIS 
;  BAST^DATA 


BUILQING  DATA  (see,  worksheet  TA-1 ) 

A.  Building  annual  heat  load  (in  million  Btu) 

B.  Service  .hot  water  load  (in  million  fitjj) 

C.  Total  annual  load  4 

— 

i  SOLAR  SYSTEM  DATA  (see  worksheet  TA-2)- 

D.  Collector  area  ,     ,  . 

E.  Fraction  of  annual  load  carried  i>y  salar 

F.  Unit  cost  of  solar  system  installed     -  • 

^_6.  Installed  cosf^f  solar  system  (DxF)  x  £0 

H.  " Type  of  auxiliary  heaters:  . 

H.I  •  Space ^tU&M/ 

H.  2    Service  hot  water  ^JUgX/OA 

I.  Efficiencies  of  auxiliary  heaters:  . 

I.  1    Spacer  /.00       (%/lOQ")        ,  ■ 

1,2    Service  hot  water    /.QQ  •'  (%/100) 

iW  Auxiliary  energy.xosts  (see  Figures  15-1.,  15»-2) 

f-fo  ($/m  Btu)- 


IQO 


/& 


MS- 


(m  Btu) 
"(m  Btu) 
(m  Btu) 

"  /■ 

 (ft2)  • 

0.5PU/1OO) 
£0  ($/ft2) 


400 


j.i 

J. 2 


Space  ,  ,   , 

Service  hot  water  (S/fftBtu) 


FINANCIAL -DATA 
K.  -Terms  of  loan: 


Years  JO 


L, 
M. 
N. 


Interest  rate  Q.Ql  (%/100) 
Down  payment  on  loan:    (•  20    %/IQO  x  G  fdgp  7 
Amount  of  loan*   G  -  L 


Annual  mortgage*  payment 
Factor  from  Figure  15-4 


Q.ll  xM 


TAXES  AND  INSURANCE.  • 
'/P.  Property  tax:  G6W  xP.l  AS, 
'     P.1    Rat^o  of  taxable   value  to 
'  installed  cost  OS. 

P. 2    Property  tax  rate  Q.  OJ> 

«Q.  "income  tax,  rate** 

Q.l    Federal  tax  rate     Q.  BO, 

Q.2    State  tax  rate  Q.  /O   . 

Q.3   Effective  tax  rate[(Q.l  +^.2  ^2(Q.1)(Q*2)]- 
.  R.  Insurance:    [G  %OOC)  i.  Insurance  vttt.OOS  U/100)]' 

OPERATION  AND  MAINTENANCE       *  * . 


_(*/100)  ' 

..(%/ibo) 

%noo) 
t%/roo) 


..s 


Operating  itQst  first  year: 
(S.l  xS.2xJA1)  £7.S     m  Btu  x 


.05* 


5.1  -  Annual  so.l  ar  heat  "supplied  (ExC) 

S.2,  Traction  of  solar  for  electricity  faQS"  U/1O0) 
T.. -Maintenance  cost  first  year 


| NON^SQLAR  SYSTEM  DATA 

U.  Fuel  expenses  in  first  yefir: 

U.J.   Space  (A  /DO    x  J.I  X.%0 
.    U'.1?   Service  hot  water:  [if  /$ 
U.3   Total  load    (U.l  +  U,2) 


) 


0.2'  iM  ) 


V.  Operating  expenses  in  first  year  (U.3 x 0*03)  ^ 
1-W.v  Fuel  plus  operating  expenses,  in  first'year  (U.3+V) 


V* 


(a<fCO  ($)  ' 
70j  ($/year) 

■  gK?  ($/year.) 


/UP  ($/year) 


\40   ($/year)  . 


,  ^S"  ($/year) 


g&j  (S/year)' 
U/.year) 

30  ,($/year) 
/Q¥2(i/year) 
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Worksheet  LCA-2 


.-LIFE  CYCLE  COST  ANALYSIS 
CASH  FLOW" 


A. 
B. 
C, 


Mortg"a|e  interest,  r 
in'l  a 
inflation  r 


Auxiliary  rJel 
General 


yioo 


— -  Collector  area  400  ft2 

Solar  fraction  of -total  load  .5    %/ 1 00 
(use  worksheet  TA-2) 


Systen  Cost  $  S'OOQ 
Down  Payment  S"  /  (JQO 


'[13  [2] 

[33.  ' 

re  n 

L-5  J 

L°J 

L'J 

Pol 

L'OJ 

U  >d 

[12] 

Annual  x  Years 
Year l Mortgage'  Left  on 
^  Payment  ^Mortgage 

jFrac.  of 

Mortgage 
a  $ 

i  Interest 

Interest 
.  Paid 

Auxil iary 
Fuel 
Cost 

Proof^rtv 
Tax 

« 

Insurance 

Ooprs  t  i  na 

upci  u  l>  i  1 1  y 

Cost 

Ms  i  ri  tpns nrp 
Cost 

Income 
Tax 
Savings 

Expense 
with 
Solar 

1     «  7/y<& 
I  /C/T 

i  q. 

^  I  f 

7  TV 

/  u 

/<AS 

,  c    •  /(/.% 

in 

IS  *  (J  ISw 

vltf  / 

V7*/ 

°*T 

f  221 

/ 

o    ;  -ft/-*- 

 Lo  

(/•'  r  o 

1 — 1 — 

If) 

/If*/* 

'"4    '    .7/0  V 

/7 

,5:3  *7 

— ^  ' 

&  f 

•5-  •    7^  • 

.  >(* 

5Z5 

o  /  / 

"TV  ^ 

i4v  / 

6    •  70</ 

57)7 

f  (nil 

■ 

tlf\ 

~%r~ 

7    •  7(?¥ 

It 

1  /?.  7/90 

TIy' 

|       / /I/O 

 8w — ^ 

jJA 

lit 
/if 

8   • •  704  • 

13 

,  Zt/'  

— —  

/  "7r\ 

9     .  704  1 

1* 

1 

7Sto 


to 

*  V 

10  ,    7^  i 

II 

•  <2£/0 

iO 

40 

11     -      70</  i 

"  /& 

/7V 

[  -12  ■    nO*i  : 

/37 

.  /W 

13-'    70f  1 

% 

-Mr 

mi 

so  v 

14  fof 

i  (?.  </s£> 

3/7 

S3 

J/3 

15  *     70f  1 

•  //55  0 

w  J 

57 

ion 

16  «    7^  i 

1*  O.  350 

(pl 

17  .     flty  | 

•  /-if? 

40 

«>sV 

73 

18  !    yo¥  1 

1  0.230 

'!<** 

we 

& 

19        70</  1 

I 

Il3 

im 

HO 

20  1  1 

1  flW 

■  isn 

ft) 

46 

^3 

[2]  Annual  mortgage  payment  frcta-  LCA-1 ,  line  N 
[4]  See  Figure  15-5 
[5]  Column  [2]  x  column  [4] 
[6]  First  year  cost  from  worksheet  LCA-1 : 
(C)x  (1  -  E)  X*(J.l)  ^ 
Second  and  f ujjpg  years : 
jj^rzt  year  Wst)  x  [I  +  fuel  inflation  rate) 
[7]  See  line  P,  worksheet  LCA-1 


i 


2 


£8]  See  line  R,  worksheet  LCA-1 
[9]  First  year  cost' see  line  S,  worksheet  LCArl 
-  Second  and  future  years:  *    ~  _ 

(previous  year  cosJ:)-x  (lt+ fuel  inflation  rate)  t 
4  [10]  FiJtst  year  cost  seVline,  t,  worksheet  LCA-1 
Second  and  future  ^years:  *  ♦  . 
(.previous  year  cost)^(l  +  general  inflation  rate) 
[11]  Column  [5]  x  (Q.3,  wo^sheet  LCA-1 )  '  p 
[12]  Downpayment  +  [2>[6H7J+[8]+[93+[10>CH]  443 
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Worksheet  LCA-1 


LIFE  CYC^ECOST  ANALYSIS 
BASIC  DATA  • 

BUILDING  DATA  (see-worksheet  TA-1) 

A.  Building  annual  heat  load  (in  million  Btu) 

B.  Service  hot  water  load  (in  million  Btu) 
*C-  Total  annual  load  - 

SOLAR  SYSTEM  DATA  (see  worksheet  JA-2)  * 

D.  Col  lector  area •  :  *  • 

E.  Fraction  of  annual  load  carried  by  solar 

F.  Unit  cost  of  solar  system  installed 
6.  Installed  cost  of  sol ar 'system  (DxF) 


H:  Type  of  auxiliary  heaters' 
H.l  Spa^e 
H.2 


I 


Service  hot  water 


Eff icienc  ies  of  auxiliary  heaters: 

J-l    Space   .    -  (56/100) 

"(%/100) 


I .2    Service  hot  water 


J. ^Auxiliary  energy  costs  (see  Figures  15-1,  15-2) 


\J.l 
J.  2 


Space 


Service  hot  water_ 
FINANCIAL  DATA 


($/m  Btu) 
($/m  Btu) 


K. 
1. 

N. 


Terms  of  loan:  Years 
•  Down  payment  tfn  loan: 
Amount  of  loan v   G  -  L 


T 


interest  rate 
%/100xG 


(X/100) 


AnnuaVW>rtgage  payment 
Factor  frQm  Figure  15-4 


xM 


TAXES  AND  INSURANCE 

P.  Property  tax:*  G  [xf  .1  

P.T  Ratio  of  taxable    value  to 

installed  cost  ^ 

P. 2    Prop^cty  tax  rate  

Q.  Income  tax  rate: 

Q.l    Federal  tax  rate 
Q.2  -  State  tax  -rate 
Q.3    Effective  tax 
insurance:  [G 


X.PT2 


(St/ 100) 
~(%/V00) 


r 

R. 


^eUQ.l  +  Q.2   

x  Insurance  rate 


(%/100) 
'(VI 0Q) 

2XQ-1  )(Q.2)3~  • 
C%/ioo)]„ 


OPERATION  AND- MAINTENANCE       •  •  .       • \*  • 
S.  Operating  cost  fjrst.year:  ■  *' 

(S.l  x  S.2  x  J.l )   ia  Btu  x  

*  x  $/m  Btu  , 

5.1  Annual. solar  heat~sup.pl  led  (ExC) 

J  x  '  =  

5.2  Fraction  of  soTar  for  electricity.  

T,  Maintenance  cost  first  year.       •  ' 

NON  SOL'AR  SYSTEM  DATA 
fueT 


(m  Btu) 
(S/100) 


(m  Btir) 
(m  Btu) 
~(m  Btu) 

(ft2)  . 
(35/100) 
"($/ft2) 

Id)  . 


_($/ye'a.r) 

♦ 

($/year) 


(%/10tf) 
"($/year) 


($/year) 


U 


V. 

w. 


U.l 

U.2 
li.3 


expenses  in 
Space  (A 


first  year: 
x  J.l 


Service  hot  water:  (B _ 
Total  load    (U.l  +  U.2) 


)  * 

.x  J  .'2 


Operating  expenses  in  first -year  (II. 3x0.03) 
Fuel  plus  operating  expenses  in  first  year  (U.3 


 ($/year) 


 ($/year) 

 ($/yea'r 

($/year) 
(%/yoar) 

■  ($/year) 


Worksheet  LCA-1 


•  LIFE  CYCLE  COST  ANALYSIS  .  .  • 

x       •»  •  BASIC  DATA 

BALDING  DATA  (see  worksheet  TA-T)  ' 
A^Building  annual  heat  load  (in  million  Btu). 

♦      Service  hot  yater  lo'ad  (in  million  Btu) 
C.  Total  annual  load 

c  • 

SOLAR-  SYSTEM  DATA  (see  worksheet  TA-2)  ' 
D;  Collector  area 

E'.  Fraction'of  annual  load  carried  by  solar 

F.  Unit  cost  <rf  solar  system  installed 

G.  .  Installed  cost  of  solar  system  (DxF)     .  x  

H.  Type  of  auxiliary  heaters:  - 
H.l    Space'   • 

H.  2    Service  hot  water   

I.  Efficiencies  of  auxiliary'heaters: 

I.  1    Space  '    '  <  (S/100) 
'I.«2    Service  hot  Water_  -  (%/10Q) 

J.  Auxiliary  energy  costs  (Tee  Figures  15-1,  VB~2-)«. 

J.l    Space  •        ,  '  ($/m  Btu) 

 ($/m  Btui^ 


J. 2    Service  hot  water 

FINANCIAL  DATA 

K:  Terms  of  loan:  Years^_ 

"L.  Down  payment  on  loan: 
M.  Amount  of,  loan:    G - L 
N.  Annual  mortgage. payment  . 
:  '  Factor  from  Figure  

TAXES  AND  INSURANCE'  •.  ' 

Property  tax1:  G   x  P.l  ;. 

P.l    Ratio  of  taxable    value  to"" 
installed. cost  1 


Interest  rate  

_%/l  00  x  G  •  7T 


T«/ioo) 


x  M 


•p: 


x  P. 2 


(%/l00) 
'(%/100) 


R. 


"P. 2    Property  tax  rate   

Income  tax  rate: 

Q.l    Federal  tax  rate  ;  

Q.2    State  .tax  rate  ~_  

Q.3    Effective  tax  rateftQ.l  +  Q.2-  2(Q.  1 ) (Q.2)] 
Insurance:    [G  "x'lnsurance  'rate  00)] 


(%/} 00) 
"(X/100)  * 


OPFim-tlON  AND  MAINTENANCE 
8V  Operating-cost  first  yearj. 

(S.I  x  S.2  xj.1  )"_2L        m  BLu.x  • 

~Yf~         S/m  -B*u.  * 

S.l    Annual  solar  heat  supplied  (ExC) 

!  4     .         .„   = 

i.  S.2    Fraction  of  solar  for  electricity 

.T.  Maintenance  cost  first,  year  "  v 
fjOJ  SOLAR  SYSTEM  DATA." ..  ~ 


.(m  *Btu) 

(%noo) 


•Fuel  expenses  in- first  year: 

11. 1  '"Space  (A^*-  xj.l 

11.2  Service  hot  water:  (15 
IJ.3    Total  load  .  (U.'l  *  11,2)" 


:%  ). 


x  J. 2 


) 


Operating,  expenses  in  f  irst  ye^~(U.3  x-0.03) 
W.  Fuet  plus  operating  expenses  .in  fiirst  year  ,  (U.3+^V) 


(m  Btu) 
"(m  Btu)  . 
_(m  Btu) 

(ft*) 

"(%/;oo-k 

_{$/ft2) 


($) 
'($) 


±  (S/year) 
_($/year) 


f 


(vi-oo) 

!($/year) 


($/year) 


($/year>. 


s 


(4/yjear), 

U/yoar) 
(:$/yoar)  ' 
((/yoar) 
($/year) 


ERIC 


446 


**.  *<, 


A.  Mortgage.  ir)terest  rate  *  

«.  Auxiliary, fuel  inflationrate  -J/]00  '      Solar  . "«^y»-  ™;  v 

General  illation' rate__L_^_V100'    .   .    fuse  worksheet.  TA-»  ,  , 


[23* 


[3]*  -X[4], 


.:       >  J 
'     •  .   •  ■"  „ 

Jlife  cycle  COST  ANALYSIS.,  ' 

CASH  FLOW*  •  > 

Co11ecto^area___l__ft2  sl/em  Cost  T   

flatten  of'total  load        %/lQO       P°  <n  Payment  V—  


Vfieet  LCA-2  -  -  - 


[5]  '  [6] 


[7]  -Y\  [81 


E9J 


DO] 


[11]  [12] 


Year 


Annual  j  Years 
Mortgage-  Left  on 
Payment  jMprtgage  ^tgest 


Frac.  of 

Mortgage 
a 


Interest 


Paid- 


Auxiliary 
Fuel 
Cost 


Property 
Tax" 


Insurance 


nating 
st  - 


Maintenance 


InoWne 
Tax 
Saving^ 


Expense 
with 
Solar 


A 


•4, 


[2]  Annual  mortgage-  payment  from  LCA-1 ,  line  N 
[4]  -See.  Figure\1535  .  N  *        -  » 
.  [5]  Column  .L^L*  column  [4-]     .  '.' 
»  [6  loir's  t  yearcost  from  Worksheet  LCA-1 :  * 

f  (C)(X(l-E)X(j;i)    V.  -    :     ;  - 

Second  and  future  years:    v    '  *v- 
(first  year  cost)  x  (1  +;foR  tjnfjation- rate) 
[7]^ee  l^ine  P,  worksheet  LCA-1  '«  c 


8]  See  line  R,  worksheet  LCA-1 


9l^ir$<  year.,  cost  sea.  line  S,  worksheet  L£*\-l 
iflfecond  a-nd '-future 'years:  '    ••      :  ■ 

(previous  year  cost)  x '(1  +  fqel  inflation^ rate) 
[10]  First -year  cost  see" line  Tv,  worksheet  LCA-V       '  v 
Second  afid  future  years:  *  ,  . 

(previous  year- cos*)  xtl  +  general  inflation  rate) 


O  147  1 


[11]  Column  [5>x  (Q.3,  worksheet  LCA-1) 
[12]  ^payment  *  [2]+[6]+[7]+[8]+[«9]+[10]-[ll] 
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Worksheet  tCA-Z  *~ 


-LIFE  CYCLE  COST  ANALYSIS 
CA^H  FLOW 


A.  Mortgage  interest  rate 

B.  Auxil iary  fuel  in£ 

C.  «  General ,  i«fl ation 

CI]    *  [2]     .  [31 


i  ation  rate_ 
rate 


C4] 


J*/ 100 

_;:/ioo 

J,/ 100 
[5] 


Collector  area  ; 
Solar  fraction  of  total 
...(use  worksheet  TA-2) 


load 


ft2 
"VI 00 


[6] 


[7] 


[8] 


'C91 


'[10] 


System  Cos-t*  $ 
.Down  Payment  $" 


mi 


[12] 


p 

'Year 

Tmnual  ]  Years    IFrac  .  of  i  T  .  . 
Mortgage'  Left  on  1  Mortgage  1  p6r! 
Payment  [Mortgage; rntasest| 

Auxil iary 
"Fuel 
Cost 

D  rr\r\Q  y~ ■f"  \/ 

r  rupc  r uy 

I  a  a 

- 

Insurance 

upc i  a  l  i ny^ 

Ma  i  nf  ona  n  /"*  a 

ricM-ii  Lr?riance 

Income  * 
Tax  # 
Savings 

Expense 
with 
«Solar 

i . 

•  1            i  1 

■  

 <u  ■  — 

—  

> 

 -  

.  2 

*   •      i            ■      •  J 

^^^j — 

f  3. 

1        -  1 

•  -  %. 

 '  T  r 

— ^ — 



■4  .|          ^  1 

S5    1  •!".-■ 

 =  

6  ~ 

;  — «-  ■  ■ 

 r 

7 

^_  L  '-d  :  , 

* 

8 

1  '  '  f 

—  1 

•s 

■  - 

'  9 

I  '1 

10 

- 

x  ! 

11 

1-2 

» 

 1-* 

13 

^  1 

14 

*        —  -  ♦ 

i 

v  ! 

.15 

« 

• 

<• 

17 

1 

18 

1 

t 

19 

J 

! 

[  ;  ^  

 i  '     '.  ' 

20 

1 

t 

> 

{2]  Annual  mortgage  payment  from  LCA-V,  Line*  N 
'  [4]  £ee  <f  iguj/e*T6-5  <  ^  -v 

[SFColumn  [2]  x*  column  [4]  * 
[6]  First  year  cost  from  worksheet  LCA-1 > 
*(C)x  (1  -  E)  X(J.l)  '  ^ 

Second  and  future  years: 
(first  year  cost )*x  (1  +  fuel  inflation  rate) 
:(7]  See  line*P,#  worksheet  LCA-1        *  * 


[8]  See  line  R, -worksheet  LCA-1  ^ 
[9]  first  year  cojt  see  line  S,  wofksheet  LCA-1 
Second  and  future  .years:  , 
(previous  year  cost)  x  (1  +  fue3  inflation  ra 
[10]  Firs*  yeaf  cost  see' line  T,  worksheet  LCA-1 
Second ' and  .future  years:  ' 
(previous  year  cost)  x  (1  +  general  inflation 
;il]  Column  [5]  x  (Q.3,  Worksheet  LCA^l ) 
.12]  Downpayment  *  [2>[6]<7]+[8]+[9]+[10]-[l  1  ]  • 


t6)  t  * 
rate) 
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Worksheet  LCA-3 


s.  LIFE  CYCLE  COST  ANALYSIS 
.  •,  ECON^^TOC^Sg^lftRY. 


A*.,   Fuel  inflation  rate   

[1]  [2].  '     .  C3-} 


J%/100) 
[4] 


[5] 


[6] 


[7] 


[8]  ..\  £9]      (  [-10] 


[11] 


*  t 

NON-SOLAR  SYSTEM 

• 

"»  Fuel  Plus/ 
Operating  Expense^ 

-      "         ,              *^0LAR  SYSTEM                      '  *  •  .          >  ■          *  * 

Year 

•  9 

'Golljector^area  ;;ftz 

fx 

Collector  srea  ftz 

Collector  Area    •  ft^ 

U  A  \JC  II 

wi  th  Snl  a  r 

IT  1    \*  •  1         \J  1  U  1 

from  1  PA-? 

S*avi  n(K 

JQV   1  1  1  mJ 

wi  th  Sol  a  r 

IT    1    WI  1    *J\J  1  U  < 

Pumu  1 
Sa vi n3s 

Till  \J 

with  Solar 

t.  /\      t  1  1  J  V 

w.i  thSol  ar 
tVnm  1  f  A-2 

TS  Will  L  vn  t— 

Savi  na<* 
v/i  th  Sol  ar 

rii  -  r"3i 

Pi  imi  1 1 

Savi  ngs 
wi  th  Sol  ar 

Til    vlj  ItAI 

Exoense 
wi  th  Sol  aV 
from  LCA-2 

Savi  ngs 
w.i  th  Sol  ar 

T2]  -  r3] 

Cumul . 
Savings 
wi  th  Sol ar , 

1 

• 

%  — 

?  1 

\ 

> 

1  % 

♦ 

3 

^9 — - 

'  m 

t                                      »  1 

- 

5 

• 

; 

■ 

1  • 

,  -6 

•            *  1 
 _  1  * 



J" 

« 

8 

'  ' — v             »  , 

''9         -  ■ 

> 

\ 

« 

r.  io 

* 

» - 

l'  ii • 

1 

11 

12 

1 

13  - 

• 

\ 

►                   *  •  \ 

, .    '    '  v 

 *-rr 

v  >• , — 

1 

 1  

ir 

»  « 

 — "  cr 

•  • 

1  16, 

J__  p 

t 

»  g  r  : 

!  'I7 

i 

»            *  9 

_  4- 

 X-1  !  

*  *  ^  • 

\ 

Second  and  future  year:    ■  ^  \        '  v    '  ' 

(previous  ;ye3r  cost),  x  (1  **fuel  inflation  »;ate.) 


[3^  Column  .p2],  vwrksheetntCA-'2 


Column  t3^]  -  column  [3]  ^  „ 


(  J 


[7]  Column  [2]  /''column  [6] 
[91  Column  [12],  -worksheet  LCA-2 
'^[10]  CoTumn  [21-  column  [9] 


( 
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A.    Fuel  infl/ation  rate 


'.  LIFE"  CYCiE  COST 
ECONOMIC 


42] 


[3] 


{%/\00)  w-  . 
[•4]      *■  •  [5] 


ANALYSIS 
SUMMARY 


r 


[6] 


[7] 


,  [8] 


[10]- 


NON-SOLAR  -SYSTEM 

> 

'J.  SOLAR  SYSTEM 

—i  

<  t 

Year 

' ■  <  K  '  ' 
•>f 

Collector- area 

Corl |^ctor  area 

ftz  . 

/  Collector  Area 

f 

/  ? 

-  Fuel  Plus  ' 
Opera tingfxpense 

Expense 
wixn  bo  I  ar 
Trom  LLp-c 

Savi  ngs 
wi th  Solar 
L2J  -  L3J 

Cumul ,  - 
Savi ngs 
with  Solar 

Expense 
wittf  SdVar 
from  LCA-2 

Savings  * 
.with  Solar: 

[2]    -;  [3] 

P  i  imi  1 1 

Savings 
wi  th  Sol  ar 

/Expense 
jWi th  Solar 
fromLCA-2 

Savi ngs  - 
with  Solar 
[2]  -([3] 

Cum 
Sav 
with 

ngs 
Solar. 

1  J 
.  r.y 

/ 

/ 

y  3 

 — ~  ; 

✓ 

v. 

 =L 

_A  / 

 f 

• 

— ^  

• 

i 

■ 

f 

m  • 

/  ■ 

u 

\ 

^  1 — 

—4- 

/  "7 — 

<  7 

:    1  1 

/ 

Mr 

c  " 

—  m 

"A  1 

.  •  •  /. 

•/*  -  ~  * 

— * — 

— ^ — - 

i 

-fir 

r         j  . 

— :  » 

'■4 — , — 

' 12 

i 
"< 

13- 

*  i 

 5  ■  

14 

* 

•15 

 j 

\  « 

1  r-s— < 

*                   J  '  m 

~w  

1 

-C-  * 

17- 

t  \ 

-  *  — 

H 

18  ■ 

h  19 

* 

1  j 

v 

* 

20- 

— !  : — *  ;  

* 

»     f  1 

C2J 

eft 


first  year  cost,  see  line.W  of  worksheet  LCA-1 

SeconcLarvd  future  ye*ar:«  \  ,        ,  - 

(previous  year  cost!  x  <f  +  fuel  inflation  rate) 

.Column  "[121,- worksheet  LCA-2  ■ 

Column  ^23  -  column  [3].  y  •  ^ 


[6]  Columrr- [12],  worksheet  LCA- 
.  [7]  Column  [2]  -  column,  [6]  W  . 

[9]'  Column  [12],,  worksheet  LCA-2 
.[10]'  Column'  [2] '"-'column  [-91/  *  ~  a 


) 


SOLAR  SYSTEM  QATA 


Worksheet  TA-2 


Building  Owner;   

Address:  _   j_  

Contractor:   ,  ;  

Type  of  Solar  System  (air  or  liquid) 


'A.     Location:    Nearest  city 


Latitude  (>,) 


g.     Mean  daily/solar  radiation  ✓in' January  (s)  .  

January  sofla^  radiation  on  a  horizontal  surface  (S) 

(Bx  31),-  '     -  ; 


/ 


-,(Btu?ft2»day) 
(Btu/ft2-month) 


D.     January  btijl dirrg*  heat  load -(L)  ' 


(Btu/month) 


January  #s/qfldr~Yadiation  :  January -buil  dinq  load 

.'    (StL)  -  


tl/ft2-) 


r 


Col  lector  tilt  ■ 
/Collector  Orientation 


i  + 


 °V~ 

degrees,  \ 


from  south 


Heat  Uchanger  Tempera tu^p  Difference  (Liquid  systems  only)  

I.     Fract/on  of  annual- heating  load:^  ^ 

'[6]  [7] 


,  r 1  .i 
\u  tier 

f/idl  Collector 
/     :,c.i.al  ' 
A  )  1 1    L  i  Li  tuJe 
A 

Area.  Corrected 
for 

Area  Corrected 
for 

Orientation 
A- 

Area  Corrected 
for 

Heat  Exchanger 

A  - 

•  SA1 
L  - 

.  f 

i 

*                   .  — 

[/]  Selected  arbitrarily  or  determined  from  f  -  * 

\  I]  Correction  to  CaiuiAn  [?)*for  tilt  not  equal  to  latitude  +  15°  (Fin.  14-2)- 

|4j  Correction  to  column  [3]  for  orientation  (Fig.  14-3).  • 

[!>]  (.onectiDn  to  iGlumn        Tor  ^ea't  exchanger  ^ liquid  ^ystems  only) 

[G]  Fro>i!  Figure  M-l  ,  '  / 

[7]  Selected  arbitrarily  or  determined^  ro)n  Figure  14-1 


Worksheet  TA-2 


SOLAR  SYSTEM  DATA 


Building  Owner:  *   

Address:  :  

Contractor:  '  

Type  of, Solar  System  (air  or  liquid) 


A. 

B, 

>D. 
E. 


Location:    Nearest  city 


Latitude  [%) 


M.ean  daily  solar  ratffation  in  January  (s) 


January  so&r  radiation  00  a  horizontal  surface  (S) 
.   V'"  •      (B*31)  = 


Janyary  building  heat  load  (L) 


January  solar^aQiation  :  January  building  load 

'  (S*L)  -  ' 


_(Btu/ffe2.d^y) 

(Btu/ft2  -month) 
jBtu/month) 

(1/ftZ) 


F.     Collector  tilt 


z  + 


or 


6.    ^Collector  Orientation 


degrees , 


from  south 


H.  Heal  Exchanger  Temperature  Difference  (Liquid  systems  only) 

I,  -Fraction  of  annual  -  heating* load: 

Jl]     .         [2]  [3]  [4]  [5] 


[6]  „  m 


"1  

Trial 

Nui'iber 

Trial  Collector 

Area  at 
Ti  1 1  -  La ti tude 
'  A  - 

Area  Corrected 
for 
Tilt 
"A 

Area  Corrected 
for 
Orientation 
-A 

Area  Corrected 
for 

Heat  Exchanger 
A 

SA 

L 

f 

% 

> 

*  O 

J5L- 

[2]  #4"S(,y»«:UHl  arbitrarily  or  determined  froin^f  ^ 

[i]    Correction  to  column  '[21  for  tilt  not  equal  to  latitude  +  li>°.  (I'M. 

['))    Correction  to  roQumn  [3]  fo^r  orientation  (fig,  14-3) 

Correction  to  loTuuin  [<Tj  lor  hcrft  exchanger  (li()uid  systems  only) 

[6]    rrfom  Tiquro  M-1  ^.  ,#  , 

[/]    Selected  arb  i  tran  ly  or  do  termined  from  figure  14-1 

■    1  '                   *  * 


r. 
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WORKSHEET  TA-3 


SOLAR  SYSTEM  SIZE 


Type  of  System 
Economical  Col  Teeter  Area 
Collector  Tilt 

\  ■ 

Collector  Fluid  Flow  Rate:. 

1.  "Air  System  (1.5  to  2  cfm/ ft2, collector), 

2.  Liquid  System  (0.02  -gpm/ft2  collector) 

Pumps:    Liquid  System 


1 . 

Collector  loop  flow  rate  (D.2) 

'Head 

2. 

Storage  loop*  flow  rate  ( 1 .5  x  E- 1 ) 

-Head- 

3. 

Service  water  preheater 

Head 

4. 

Heat  distribution  coil  (depends 
upon  heat  delivery  rate) 

Head  . 

^  Blowers i^s^ir  System 
\]\     Collector^oop  (D.l ) 

2.  Distribution  blower  (provided 
With-  furnace)  ^ 

3.  One  bl"ov!|er  system  (D.l)  * 
Storage: 

1:  -  Liquid  system  Bx2.0  gallons/ft2  x 
col  1 ector  . 

2.     Air  system  B  x  1/2  ft3/ft2  collector 

(a)    Pebble  si7e  (1-in.  screened 

-+      4m  Concrete  aggregate). 

~*  (b)    Cross-section  area    (D.l  :  20) 

(c)  ,Rock  deptn    (G.2  :  G.Z.b) 

Heat  Exchangers:  ^_ 

Consult  heat  exchanger  manufacturer 


Jt2  ? 


_de?re£i 
cfm 


2-3 


1-1.5 


_gpm 


gpm 
"ft  - 

jpm  . 
ft  . 


_gpm 
ft 


jgpm 
ft 


_c,fm 
 in  w.g 

 cfm 

 in  w.g 

cfm 


1-1.5     '  in  w.<g 


_gal 


ff 


ft' 
"ft 
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WORKSHEET  TA.3 


J 
f 


SOi-AR  SYSTEM  SIZE 


A.     *Type  of  System 


B.  Economical  Collector  Area            *              *.  >   *      ;    K_  ft? 

C.  Collector  Tilt;                   t                 *    ^degrees 

D.  Collector  Fluid  Flow  Rate:     '                       #  ^  ' 

1.  "    Air  System  (1.5  to  2  cfm/ft?  collector}"  .  '      -efm^  * 

2.  Liquid  System  '(0. 02  gpm/ft2^col lector)           1       *.  *  ■  gpm 

-  1  t 

E.  Pumps:  .Liquid  System                  \  ,  1 


1 . 

Collector  loop  flow  rate  (D.^) 

gpw 

Head 

ft 

2, 

Storage  loop  flow  rate-  (1 .5  x  E.l )  • 

gpm 

Head 

ft 

3. 

Service  water  preheater 

3 

gpm 

Head  ' 

2-3 

ft  , 

4; 

Heat  di stribution  ,coil  (depends 

gpm' 

upon  heat  delivery  rate)         ■  » 

Head 

•  ft 

Blowers:    Air  System 

1.  Collector  loop  (D.l)'   ■  •   cfm 

'    1  .          Head         1-1-5  ing.g. 

2.  Distribution  blower  (provided  *      m     „   cfm 

with  furnace)      9             ,  Head     < '   in  w^g. 

3.  One  blower^system  (D.l)  *                 •  •  i,cfm 

*  Head           1  -1  in 


^  *  Head         j - 1  . ft        in  ^.g^ 


Storage:  ^  _ 

v  1 .     Liquid  system  B  x  2.0. gallons/ft?  -  _J  ^gal 

V        col  lector  _  r  a  - 

?.     Air  system  B  x  1/2  ft3/ft2  collector  *    ft3 

(a)  Pebble  size»(l-in.  Screened  ^«  '     *  J 

*  concrete  aggregate)    '  r  f       •   '    '  v»  ? 

-    (b)  Cross-section  area    (D.J  :  20)         /  '  

(c)  Rock  depth  ^"G.2  :  G.2.b)  T  ""ft 

Heat  Exchangers:    _   §  -      *  '        *  •  ^ 

ConsuH  heat  exchanger  manufacturer  C. 


v 
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TRAINING  COURSE  IN  / 
oTHE  PRACTICAL  ASPECTS  OF 


SIZING;  INSTALLATION,  AND  OPERATION  OF  SOLAR  HEADING  AND  COOLING  SYSTEMS 


FOR 
k 


RESIDENTIAL  BUILDINGS 


' MODULE   16-    •  \ 

SQLAR  SYSTEM  SIZING- 
-  ^ALCUiATIOMS". BY  TRAINEES 


\ 


SOLAR  ENERGY  APF^ICAT^lNS  LABORATORY 
COLORADO  STATE  UNIVERSITY  ■  % 
FORT  COLLINS,  COLORADO  ■ 


v. 
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*  ( 


TABLE  OF.  CONTENTS 


\ 


INTRODUCTION      .       .       •.        .  •  . 

OBJECTIVE  •  • 

SYSTEM  SIZING  PROBLElf^!    .  : 
^'WORKSHEET  TA-1  .       .      ......  . 

WORKSHEET  TA-2  .       ."      ''.  **'  .*  *  . 
.   WORKSHEET  LGA-1  ( Co  1.1  ec tor  Area  400  ft2). 

WORKSHEET  LCA72  (Collector  Area  400  ft2). 

WORKSHEET  LCA-1  (.Colle'ctor  Area  500  ft2). 
-  WORKSHEET  LCA-2- (Collector  Area  500  ft2). 


WORKSHEET  LCA-1  (Cbllector^rea  600  ft  ). 
WORKSHEET  LCA-2  ^ol  lector  Ma  ^600  ft2). 
WORKSHEET  LCA-3,  Ecqjiomic  Summary*  '.    .  .. 
WORKSHEET  TA-3,  Solar  System" Size  .  A 


BLANK  WORKSHEET  FORMS 
* 


1 


1.6-1 
H6-1 
16-2 
16-4 
16-6 
16-7 
16-8 
16-9 
16-10 
16- VI 
16-12 
16-13 
-16-14 
16-15 


;  .  /  /        '  "  16-.1  %:  •    -         <»•  • 

•     ,      *  '  *  *     .INTRODUCTION        •  *  .  — 

;  To  calculate  the  size  of  .a  solePr  syste.ni  for  P  residential  building 
.•we  need  to  know  the- monthly- average  daily  solar  energy  available"  for  the 
i  Jocatipirfof  the  house,  the  heating  locid,  and  collector  si*.    The  balance 


of  the  system  can  be  stzgd  from  the  collector  area  "and  the  economic  details  -    .  * 


for  the  system  may  *be  calculated^^desiro^.  ^m  • 

Worksheet^are^provsided\to  make 'the  necessary  calculations.  The 
worksheets  are:  \         -  ■     V  4  \  ' 

*  TA-l  !/     Bui\ding'H%ating  Load  Calculations  (2/^sheets) 
'  TA-2  !     .  Solar, System, Data*      *  ^ 


iCA-V^  Life  Cycle  Cost  Analysis,  Bajslc  Data' 
■L(;A-2">    Life  Cycle,  Cost  dialysis,  Cash  Flow' 


v 


LCA-3  /  "l^fe  Cycld" Cost  Analysis,  Econpmic  Summary  '  ■  '*  : 
TA-3    "      Solar- System' Size  *      1   '9*  y4^ 


The  Worksheets  i*¥e*  explained  in-detail  .in  'tjie  foil  owing  modules* 

-  \      -    ■  \ .  *  - 

TA-l         Module  13  '  -.         .  ,     ,  , 

>  *  -     •    .  •  .'  \      "  •    '     ,  V  - 

■    *  ;  TA-2-        •  Module  14'  '  •  •  * 

'    •     LCA--3  :    >dule  15  •      .  .«  '  "  • 

AVI  the  worksheets  are  reprinted  *in  this  module.  ^. 

#»  ' .  ■  *  .    •  ' 

V  -        ,     '  '  -  "   "  "objective 

■  '       -The  trainee  should  be  'a'ble  tp  select  the  mo's.t  e.cp:pomical  /solar 
collector  area  "for  the  system.  '  '  v  .  ■ 

......        •     .      H*  *•      • .  .       .-    *        •  .  \ 


'     -  \    •  .   *  ••   #:  '. 


'  0  \  \    \    -  '-':*.  y'       .    '•"  *:    -         ■  '461  "      •  •    •     '  •  .  ■  a 

FRIT      —  •;  ..  .    v.  '    -■      .      .        *        -  ?        v;  v> 


SYSTEM  S-IZING  PROBLEM  '  •   .  ' 

Design  an  air  heating' solar  system  for  a  3-bedroom  house  y\  Bouldert" 
Colorado,    Th<e  house  is  t&  be  wood  .frame^ construction  with  R-13-wall 
ijisulation  and  R-19  ceiling  insulation.    Jhe  dimensions  of  the  house  are  fc 
•27  by  55*feet  o\/the  main  'floor  with  a  fill  basement  and  ujihe^ted  '  •     _  . 

garage.  ■  The  ceiling  height  on  the  main  Yloor  rooms  is  8f-0"  and  ~ 

2 

'in  the  basement,  7*-y\    There  afe  130 •  ft    of  window  area  , on  the 

main  floor  with  storm  windows*  and  two  3l-0"  by  6'-8n ,  2.2"  thick  solid 

'    -  *  *  2 

wood  doors  with  wood  frame  storm  doors.  *  The  basement  has  30  ft  of 

windows  with  storm  windows^    Assume  the  building  will"  haa/e  4  occupants. 

The  installed  cost  of  the  system  will  vary 'from  $27/ft    for  a  * 

system  with '400  ft?  of  collectors  t'o  $24/ft2vfo.r  a*  system' wi th  800  ft2 

of  collectors.    Electricity  ^is  the  auxiliary  energy  for  space  and  water  < 

(h&Tting,  and  current  cost  is  3.1<j/kWh.    Prospects  arfc  that  energy  . cost 

will  increase  at  8*  inflation  rate  while  <sthe  general  inflation  rate 

could  be  6" ■       *  -  *  -  ■'■  A  > 

,The  best  loan  negotiable  is  20  years  at  9  percent,  with  a- 10  percent* 

*  *         '*  it 

down  payment.    Property  tax  is  62  mils  on  30  pevcant  of , assessed  value,  • 

which  .is  at  market.    Assume  there  is  a  state/law  which  exempts  solar 

■  •  k  .    (  • 

heating  and  cooling  systems  from  property  t^x, 

The  ownei&bf  the  building  is  assumed  to  bI  i«  thk"  30"  tax-bracket,.* 
^and'in  Colorado,  t?ie -state  income  tax  r*ate  is  8  pe*^ernt  for  ^persons  in ■ 
the  i0/L  federal  tax  bftWpt.    The  insurance  .premium  on -solar  systems  ..is 

;     :    3    .  •  - :  r     .  * 

the  same  rate  as  a  homeowners  ^policy,  andean  be-obtained I  "it* 0.3  percent 
per 'year  based  .on  insured  v^^ie.         *  „  <        "  *\  •  ■  \^ 


r 


t .  -  ^ 

•16-3 


The 'solution* is  given  at  the  end  of  thgjnodule,  but  participants  are 
encouraged  to  size  the  system  on  .their  own  and  determine  the ^conomical 
collector  area -for  the  system. 


ERIC 


* 
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%  -  "     .       '•  *   V       V'le./  ..Worksheet  TA71  • 

•  "  <  .  '  ,    Sheet   1  tff  J. 

-      »  .  ' '  V     *  '    •  .  '       -  * 

Bbildin.T  Heat  Load  Calculations 

•  '  *  '  i        "    '  *  •   '         '     v         ,        -      '  '• 

r 

Jdf    (TWj_LLL£  lio  T>r?nB/gry>  >■  '  Number  of  Occupants_4i_  •  ^ 

.  Computed  %y       ■   •  ]      -    Date  7W«  U»&lLj^  i3*n 

•  'Location  j&JLidfiL  ftoloRflda  '   —  Latitude   .4fl  ,  ,fsj  — . 

N 

.-Indoor  temperature,  TR,  foS       a  °F       1    n  ,    -  ^ 

**   Design  winter  outdoor  temperature,  To»  "A  °F  . 

^  Desi-gn  temperature  difference.  70  °F 

.  Desigo  degree-da^  65  -  yT0l_  (0y  °F     ^  *  - 


*  *  * 

Building  Dimensions: 

Abov^Grade:    Length_5£_ft        Width  51  -ft     -  Ceiling  Height Jl__ft 
.-  Below  Grade f   Length        ft        Width       'ft-      Depth_  ,7!  ft 
/Cbncrete  Floor  Slab:    Exposed  perimeter  ,Q   ft  - 

Exterior  Wall  Area: 
Window  Area 


Door  Area: 

Net  Exterior: Wal  1 

:      '     %  v> 
Ceil  ing  Area: 


j  ~Fj\)or  Area : 
Basement  Wol  1  .Area: 


•    *  •   •  /30^  .. 

_i_AOft*  i- 

 '■-;■»■-;-■  '  "  —  — T- 

H8s££   

•  -  LM^fiu  . — s 

4  -  A._ 

6  l!,;<Jting:l)c>oree-'Bays:*    January   j_L32L_.*FTdays  C  OffOtftfO  , 

'  :•     -     '.v   Annual' i(xlja.a3^or-d^s  -,A 


■   ....     -  .  \ 

°  * 

*  from  Table  13-2  »  © 


7 


1  ✓ 


V    Worksheet  .Ya-1 
Sheet-  2   of  2" 


•                    *                  •         •               -  t 

>  * 

4 

'  U 
*  Rtu 
Thr)(ft*H°F) 

* 

•AT  eF 

(to  - 

.h  =  UA  AT* 
fitu/hr  ' 

Exterior  Walls .  (net).  ,\  '  ^ 

7     .1*7     *  i 

-  Rasefoerit  ^ 
Wal1%  * 

^Ab*ove*gra-de°  •    .  • 

• 

*BeWar3de  ■ 

7/5*? 

/LOCO 

Windows 
and 

SI  i.ding 
Patio  ^ 
Doors 

Single 

—  :  

triple ' v  1 

*     &  L 

*^tOnn  -  * 

rExterior  S]ab  Doors'  *      .  "  * 

'  <p7Q 

Floors 

Over  Crawl  space 

r 

) 

Concrete  Slab  on  Grade 

s 

\ 

Basement 

aos6. 

Ceiling  - 

70 

•s.aoo 

Subtotal  (walls,  windQws,  doors, -fl oars,  ceiling) 


Infiltration*.  (0.018)  x  '&uSSjl&'J t3  *    70    '  °F  * 


Ouct  =  10% of  subtotal  (if  ducts  not  in  insujation  envelope). 


Design  Heating  Load:  X5tu/hr 


Design  Heating  Loader,  Btu/DD 
•  .    Design  Seating- toad' (B;tu/ 


January  Heating  Load:  m'Btu 
"(Btu/DD)  \  (January  DD) 


C24,hr7De$ign<TD)- 


l(e.SL. 


Arinual  Heating  Load:    m  Btif 
(Btu/bD)      (Annual  DD)  . 


;AT  =  TR r 45° 


*  • 


■DOMESTIC  HOT  WATER  LOAD 


Number  o'f  occupants  )C*l6r680,Btu/day 

January  Load    (m  Btu)  (Eftu/day).x  3Vx  TO-6 

'St. M  ' 

Arinual  Load    (m  Bty^  (January,  load  xl 2) 

{ 


16-6 


SOLAR  SYSTEM  DATA 


Worksheet  TA-2 


Bui Iding  Owner: 
Address;. 

Contractor:   ,  L    '  ■  '  / 

-Type  of  Solar  System  (air>or  liquid).  Ai(L» 


•A. 
B. 
C. 


Location  A  Nearest,  city  fisuJAjtrce_t  Op       Latitude  (i)  4jQ 


.Mean  daily  solar  radiat^n  'in  January  (s)=  $£i£gy^*j*$fttu/ ft? -  day)  ' 

January  solar  radfatfoh  oria,  horizontal  surfacl  (S)  -  •  . 

*      -  Vt--  '    (0x31)  t  jjj^jVgL  (Btu/ftZ'mont^ 


,D.  N  January  6ui  1  ding Ji6at  -loa'd  (Ij 


(Btu/mortth) 


E. 


-  \^         zoo  j  ooo 

January  sp}ar  radiation  :  January  builjding  load    *     <       \V  '  ,  <- 
\  -   •  ^    f(Sv[)  =    :OOi<Jljo  (l/ft2). 

|r    '  Collector  tilt      5fr      :    £  +  ■  (5 

*  s  • 

6.     Col  lector  Orientation  0 


-f  or  %%  -  j\  * 


de^rse^; 


-from  souttt 


'H.    4  Rest.  Exchanget^'Tenipef ature  Differer>re  (Liquid  systems  only)    •  Q  F 

\\     Fraction  of  annual  fating  load:     "  \.  "\  * 

[1]         .'  {2U  '[3]      '  •   .     '[4]  "      .    [5].    .    4  '[6]  J73 


m 


[Number 


Trial  Col  Tec  tor 

Area  d.t 
Tilt  =  Lati  tude 
4        *  lA  '  


Area'  Corrected 
for  '• 
<f      Tilt  4  • 
A 


T 


Area  Corrected 

•  for. 
■  Orientation 


4 


Area  Corrected 

,  -for 
Heat  Exchanger 


SA_- 
L 


6.-78  . 


]*  Selected  arbl trarily '6r  determined  from  f  '       ,  -' 
[pl  Correction  to  coyjmn  [2]  for'  tilt  not  equal  to  lati  tude  "( F  i  cj, .  14-2)"  , 
[4]  ,*  Correction  to  colunyi  [3]' for  orientation  (Fig..  1473)     ,      -  •, 
'[&.]  .Correction  to  column        for- heat  exchanger  (liquid  systeias^only)  , 
«  [61'  *  Froiil. Figure  14-1 .  •  ■    :        ,      '       V  •    •  Vv 

[7]  ^Selected  arbitrarily  or  determined  from  Figure.  14-1 


f  » 


•  '1 6^7 


LIFE  CYCLE  POST  ANALYSIS 
:    •  BASIC  DATA  * 

BUILDING  DATA  (see  worksheet  TA-l )'  ' 

A.  Building  annual  heat' load- (vn  million  B,tu') 

B.  . Service  .hot  water  load  (in  million  Btu.)' 

C.  Total  ^nnuaT  -load'  .  *" 


SOLAR  SYSTEM  DATA  (see  w 
•  D.  Collector  area 


ksheet  TA-2)  *• 


E "Fraction  of  annuK'load  ca'rr.ied  by'soloc 

F.  Unit  cost'of  -solkr  system  installed- 

G.  Installed  cost  of  solar  system  (Dx'F)  */o.fr  x  £7 

H.  Type  of  auxil  ia'ry.  heaters: 

H.l    Space  IUcXm&  AAQKitcLAAc    •        *  , 

H.  2    Service-  hot  water  iLu&UC< 
Efficiencies'  of  auxiliary'heaters:'-  .- 

I.  1    Space  '\    /.CO"    •  < 2/100)  '  ' 

"(*/]00) 


*  t 

'.^Worksheet  LCA-1  * 


a  10  (m  Btu) 
^y.f.r(mBtu) 
//V.y  (m  Btui 

Zgpffi  oft) 

^7  ($Aft2) 


I 


1 .2  *  Service  hot  water  /.Op 
Auxiliary  energy  costs  (see  Figures  15-1 ,.15-2)' 

J.l  -Space  r$°£'  Btu) 

3.2    Service  hot-  wa^er  \ 9.00 


Service  hot-  h 

FINANCIAL  DATA   .*  ^ 
K.  Terms  of. Joan:    Years  A 
.L..  Down  payment  on  loan: 
M.  Amount'of  lean:    G-L  . 
N.  Annual  mortgage  payment 
^_  Factor  from  Figure  15r_4 

TAXES  ANfJ  INSURANCE  / 


_($/mBtu)  x 
Interest  rate.       .  (%/100j 


YTO     %/100-x  G  /QfOol 


Oil-  xM 


P.  Property  tax:  b/OZOQ  x.P.1  .go  \?.2..Qb£ 


P.l    Ratio  of  taxable  -value  to-  \ 

■  (%/ 


iostailed  cost 


100} 


/oSO  ($) 

C$)  - 

f  i 

ft/year). 


R. 


P. 2    Property,  tax  rate 
•Income  tax'  rate: 
Q.I    Federal  tax  rate_ 

'Q.£   State  tax  rate.   

Q*3    Effective  tax'ratet(Q.l I  +  Q.2  rElQ.l )(Q.?)] 
Insurance:    [G  10,900-  x  Insurance  rate  .003  (ft/IPO-) 


(VI 00) 
[(«/100) 


OPERATION  AND  MAINTENANCE     -  ' 
S.'  Operating-  cost  first  year:- 
;!  (S.I  x  S.2  xJ.l)    7$;l     'm  tilu  x 


3  C/o/ioo)- 


S.2 

Matn-feena 


Annual  solar  heat  sup^Ked  (E*x*C)  -t 

Fractiojtjof-tolar  for  electricity.  .-Ofa  (%/100) 
cdst  first  year  . '  •-  ' 


SYSTEM  DATA 


Tgel  expenses  in 'first*  year: 
.  *   U.-V   Space-j(A  ^_xj.l  tf.Od 

U.2    Service  hot" water: 
•  /  tl.3  -Total'  load1  (UJ>+U\2)  ,\ 
-V".  Operating  .expenses*  in  first  year  (-U;  3x^0. 03)  ; 
fo.  Fuel  plus  operating  expenses. in  ffrs*  year  ;(U.3  +  V)« 


^  ( $/year) 


'  4fc'('$/year) 


ff?  (Wear) 


J  - 


($/year) 
,^3_(S/vear  . 

•■■3/  ($/^ear) 


v 

•J. 


WoVksheet  LCPf-2 


LIFE  CYCLE  COST  ANALYSIS' 
•'  CASH  FCOW  • 


A.  -  Mortgage  interest  rate       .0^  %/100 

B.  Auxiliary  fuel  inflation  rate  j£  %/1 00 

C.  General  inflation  rate       Oto  %/100 

[1]  ' 


Collector  area  ;    '-.400  -  ft2 
Solar  fraction" o'f  total  load  %/1-OQ 
(use  worksheet  TA-2) 


.System  Cost  $  '/Q!  ?0O  > 
Down  Payment  $  /fl/fl 


[2] 


[3] 


f5]\   '-[6]  '[7] 


[93,   :gpi    -ten]  []£]• 


.     J  Annual  j  Years    |Fr'ac  of 
Year : Mortgage  \  Left  on  j Mortgage 
.  !  Payment  |''tort9a9ej^nt§reS'- 

Interest 
Paid. 

MUX! 1 lary 

rue  1 
LOSt 

Property 

Tax  ' 

Tnciitfanro 
1 M  b  U PdNLc 

Operating 
» Cost  • 

* 

Maintenance 
Cost 

llncome 
1  Tax,  ' 
Saviags 

ExDense 
wi  th 
Sol  ar 

1 

•fc? 

T77 

33a  - 

0 

.  & 

H3  ■ 

50 

• 

.  2 

;  i 

/f  h 

.MS- 

■  -  ■  *  ( — :  

0 

S3 

ISl73 

.3 

\  m 

 777  1  " 

■  fb7iS 

Z31 

&  ■ 

\  & 

^77  • 

/SIS' 

4 

■  /o&q  \ 

n  [■ 

^7toS 

0  • 

■53  • 

£70 

IZtoQ. 

5 

•  /ow  \ 

/&  \ 

.7</S 

4& 

0 

/*/of  . 

6 

•  /OW  I 

IS  \* 

.7*0  \ 

'  770 

3* 

^?  / 

f    (»7  • 

2S4 

I<4to3 

-rj- 

■    /6&?  \ 

l4 

■  700 

' 

a-  • 

71 

3*17 

isn 

'  8 

/Otol  < 

.(o70 

7>to 

S(o7  \ 

V  ■ 

32  -  • 

7<?  • 

■  rfS 

23b 

I%71 

;  9 

•  m</  \ 

ta- 

.MO 

6>t<4 

0 

32  " 

•     90  ^ 

Jiato> 

i  io 

il .  ■ 

.  toio 

'bsz 

totol 

o. 

33 

>  n 

!  i 

10 

.S7S 

•    Us  ■ 

7/<f 

-  ■  0.  • 

.  33- 

•  11 

10 .  " 

-  aoz 

1111 

!'  12 

.SVO 

577 

.  '77/  * 

•  ',  o  ■ 

53 

•  ^ 

-  *?$ 

•  w 

. 

nr 

'     Ml  i 

'9 

.soo 

sst 

•  f3& 

.><?' 

.  5^ 

/Ob 

■  /^/  •: 

777 

MM 

i  J4 

',,7 

.  ASV 

</SJ 

*  Zft  ■ 

0 

32 

I/**, 

/<?7 

/57 

40(o3 

i 15 

!    MM  ! 

"A 

AOO 

<m 

17/ 

0 

-  32 

•//j 

^/ 

<Alti7 

Ue 

1 — 

-  37<r  ~ 

\r  7&i9'— 

'  ~o — - 

 ^? 

/53  * 

'  7o?3 

3280* 

,  <t  ," 

3)0 

//33 ' 

0 

1*4+ 

1*7 

,J*403< 

!'.18 

j 

3 

.330 

/333 

o 

,./ss< 

f / 

2532 

pT 

./too 

171  * 

-/$£/ 

0  • 

" 

£to77 

20 

-1  Afc? 

i 

.CHS 

<H  . 

1*437. 

■..0 

3^ 

187  ■ 

/57 

[2]  Ap^ual  fT^ort^age  paymeat  from  LCA-1 ,  line.  N  , 

X&)  See  Figure  15^5  /      }  ,     \    :  .  ■  •  / 

Column  [2]  x  cbVumfi     J    '  .  "    '   '  * 

[6]  F^'rst  year  cost  from  worksheet  LCA-14:*  y 

'C;  x  tl  -  E.)  a'(j,  1 )      .  „  •/  , 

'•Second  aX^  future  »years :  .  -  *    •  .• 

,  (first  yetJ^cost)  x  (1  +  fuel  inflation  *ate) 
[.7]  See  line  P,.wor^^eet  LCA-1      *          ,%  *'  • 


[8}  .See  s4!  ine  ft,  worksheet  ^CA-I        •  .  , 
[9]  First  year' cost  See- line  S,  workshfeet%  UA-l 
Second  and  future  years:  ■ 
*  {pre viotiS  year  cost)  x  (l  +  fuel  inflation 'rate) 
(V)]*  First  year,  cost  see  line      worksheet  LC/^-T     *  4 
Second' and  future  yea^s:.     «  -  ^ 

(previous  year  cost>x  H^vqeneraT  inflation  rate) 

[11]  Coiumn'  [5]  x*(Q.3,  worksheet  LCA^l ) 

p2]  Oownpayment'*  [2->[6]+[7H«+[9]+[10]-[lU  ' 
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Worksheet  LCA-1 


^.  "    "LIFE  CYCLE  COST  ANALYSIS" 

'       ;  *  BASIC  DATA  . 

BUILDING  DATA  (-see  worksheet  TA-1 ) 
-  A.  Building  anrjual  heat  load  (in  million  Eftu)- 
.  B..  Service  hot- water*  load  (in  million  Btu)   •  ' 
^  C.  Total  a'nnual  load  ♦ 

SOLAR, SYSTEM  DATA  (see  worksheet  TA-2)        *  - 
B.  Collector  area  *  .   '  ••.  ' 

Fraction  of  annual  load  carried  by  solar 

F.  Unit  costiof  solar  system  installed  " 

G.  Installed  cost  of  solar  system  (D  x  F)  SOD 

H.  Type  of  auxiliary  heaters: 

H.l    Speice  -\  . 

H. 


x  c3fc 


I 


.  Service  hot  waterA  +  

Efficiencies  of  auxiliary  heaters: • 

Spa  ce   ( %/ 1 00 ) 

Service  hot  water  .  ( %/ 1 00 ) 


1.1 
I  .2 


J.  Auxiliary  energy  costs  (see  Figures  .15-1 ,  15-2) 

,J,1-  Space     ;   Jf;OQ    ■    ($/m  Btu) 

J„2    Service  hot- water   '9.00      '  ($/m  Btu) 


s 

FINANCIAL  DATA 
Kr Terms  of  loan:  Yea'rs_ 
L.  Down  payment  on  Toan:" 
ty.  Amount  of  l.oan: .  jG  -  L 
N.  Annual  mortgage  payment  . 
Factor,  from  Figure  15-4 

,J*A*ES  AND  INSURANCE  * 

P.  Property  tax:  G IZOOO  x  P  .'l  

P.1    Ratiu  of  taxable    value  to 


£0      Interest  rate  (%/100) 


T~70    %/100x  G  /3^J 


//  x-M 


x  P. 2 


install ed' cost 


</Sf 


 («/100) 

.  (%/i.oo) 


zq 


(%/l 00) 

'( %/i  oo) 


Q.2^2(-0.1)(Q.2)]  ,  % 
'ce  rate  .  003  (%/100)1 


v\2    Property  tax  rate  ._ 

Q".  Income  tax  rate:.  , 
Q.l    Federal  tax  rate  - 
'Q.2>   State  tax  rate  # 
'  ,  Q.3    Effective  tax  rateR 
R... -Insurance:  '  {G  HOOP  x  Insu 

OPCR/tTION  AND  MAINTENANCE 
S.  Operating,  cos-t  first  year: 

(S.l  x  S.'2  x  J.I)  •ffi.S"   ■  m  Btu  x   

x  ,■  %QQ    $/m  "Btu  / 

5.1  -  Annual  solar  heat  supplied  (ExC) 

•7?  '  x-  tH.2   =    f1S  (m  Btu) 

5.2  Fraction  of  solar-for  electricity  (%/l00) 
*T.  Maintenance  cost  first  year  ,  .  *, 

NON  SOLAR  SYSTEM'  DATA  , 

IT*  Fuel  expenses  in  first  year:' 

'  .  .  th'l  ;  Space  (A   -  -  x 

A'.  2    Ser.vjce  .hot  water:  (B_^ 

-    ¥.3   Total' Toad  (U.l^U.2) 


\f.' O^eratirft). expenses  in  first  year  (U.3x 
W.  Fu«?l  plus  operating  expenses  .in  first  yeVir    (U.3  +  V) 


03>* 


•  %  (m  Btu) 
^V-?  (m  Btu) 
//V.?   (m  Bti^) 


■  Sft?  (ft?) 

.7}?  (%/lQfr) 
W~($/ft2) 

/3&90  (•$  )  -- 


($)  • 
ll!1QO{%) 

IjiW.  ($/year) 
£Vg  ($/year) 


•  33  (%/ioQ) 
lT($/.year) 


V?  (S/year) 
SO-  ($/year) 


 ($/year) 

 lU/yea.r)- 

Li  ($/ye«fr) 
j_($/year) 


/OW  ($/year) 


470  '. 


Worksheet  LCA-2 


/ 


A.  Mortgage  interest  rate      -01,  %/100 

B.  Auxiliary  fuel  inflation  raU;  Of  %/1 00 

C.  General  inflation  rate.     .QL>  «/lfl0 


LIFE  CYCLE  COST  ANALYSTS  • 

CASH  FL6W  '  ^ 

Collector  area-  .  5"fl0 

Solar  fraction  of  total  load  .11 


[2] 


[3] 


[4] 


.(use  worksheet. IA-2) 
[83- 


ft2 
%/100 


System  Cost  $  1 3.-000 ■ 
Down  Payment  $  /ZOO 


[9] 


[10] 


CT1]  [12] 


\ 

Year 

"Annual  j 
Mortgage  j 
'Payment  [ 

Tears    iFrac. -of 
Left  on  'Mortgage 
Mortgage ;rnt|sest 

Interest 
Paid  * 

Auxil iary 
Fuel 

"Cost  - 

Property 
Tax 

Insurance 

Operating 
Cost 

Maintenance 
'  Cost 

i  n  Luiiic 
ba vi ngs 

C vnoncfl 

UApcrlbe  j 

wi  th 
Sol  a  r 

1 

w;  i 

41 

«5T> 

KfiOZ 

.  2 

A?/7  I 

in 

0 

53 

1*31 

li 
fi 

IOIO 

o 

54  ■ 

Sh 

L  ^33 

It70 

tart  i 

17 

'  7^ 

n 

iJ.  

31 

(eO 

H07 

,5 

'  lit 

/ 

39 

(oZ 

^?/<* 

*lt<47 

6 

i  /S27 

/r 

234 

O 

 t-ic_^  

; 

71  ' 

(o7 

3(Xo 

•ma 

7  . 

\  faff 

/</ 

<  -7^ 

 yrT  .  - 

o 

 v.  

■    31  ♦ 

76 

71 

^  7 

i   8  . 

;  /*w 

/? 

3?1 

0  , 

.  31 

U  • 

7S  . 

ism 

j  /<?*7 

/* 

i 

tap  , 

 %o  

a  sit 

rb 

I    S3  2  7." 

H 

*  4si 

% 

1701 

IV  4*/Xa*  7 

10 

!  •  .  575" 

<t10  .  . 

<? 

l7Uf 

12 

V  /*?7 

1  ■ 

i  .^<? 

• 

31 

•  //* 

HZ* 

.13 

\  1 

5ia 

0 

31 

/.a/ 

1107- 

'  14 

•  7 

j,--:¥ser* 

0 

31 

/3/  . 

'  /<?7 

1111 

15  I  /aX7 

S7S"i 

fit 

0  ' 

31 

• :  hi  ■ 

IIS 

I7Q 

aoni 

16 

»    /**7  ' 

5 

•7JU 

o 

jsa 

/11 

'  A/ 70 

17 

;  /as 7  7 

I  .aflO 

779 

o  ■ 

aai?> 

18 

1  AP^ 

"  J  ' 

!  •  -?30 

.    fa/  " 

0 

%  t 

as  is 

19 

i  /»<f7 

o  ■ 

ASOI 

20 

•7  •  ' 

: 

.  <?f/ 

0' 

.,31 

7S7 

MAI 

[2]  Annual  no^tgage  payment  frcnSi  LCA-T,  -  Tins'  N 

[4]  See  Figure  15-5 

*  '[5]  Column  '[2]  x  column  [4] 

[61  Fi>-st  year  cost  frcr  worksh.4^  LCA-V 

(c;xn>E)x.(jj)  t  ,,N;^r 

Second  arna  future- yiears  •  \\  * 

ite) 

[7}  "See 


Second  arna  future- yiears  • 
( f irs t  • yea r ' co s t x*  ( 1/'  f •  a t i on"  rati 
Jee  1ine.P\  works^::eet^iCA^V*>u.w 

*   .         »     '  ■  v/  s 


-[S]  See  1 inc*  R,  worksheet  LCA-1  v  -  .  , 

[9]  'First  -year  cost  see  linje  S,  worksheet  LCA-1 

'Second  and  future,  years  :  * 

'  (previous  year  cost)  x  (1  +  fuel  inflation  rate) 
[10],  First  year  cost  see  line'T,  worksheet  LCA:1  '  . 

Second  and  future  years:     •  >  /'  4  7 d 

'  '  •    -(previaus  year  cost)  x  (1*+'  general  inflation  rate) 

[11]  Column  [5].x-(Q.3*,  worksheet  ItkA)    :  '  \ 
[12]  Dowfipayment.+  [2]+[6]+[73+[8M9]+[10]-[11) 
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•  ■    \,     ;  LIFE  CYCLE. COST  ANALYSIS 
.  "BASIC-  DATA 

BUILDING  DATA  ( see'  worksheet  'TA-1 )    f  "  .  .  * 
„A.  Building  annual' heat  load  (in  million  Btu) 

B.  Service  hot  water  load  (in  mi Vl ion  Btu) 

C.  Total  annual  load 

SOLAR  SYSTEM  .DATA  (see  Wrkshe/t  TA-2)        \  \ 
D'.  Collector  area  .    .        -\  " 

Er«  Fraction  of  annual'  loa'd  carried  by  solar    ■  > 
F.  Unit  cost  of  solar  system  installed 
_  G.  Installed  cost  of  solar  systerrv(D  x'F)  [  (pOO.  x> 
PL  Type  of  auxiliary  heaters:  '  , 
H.I    Space  UxttfUc  Mt^-kuiCL  '•' 

H.  2    Service  hot  water  HjlcMxQ     '    *  -\ 
.  I,  Efficiencies  of  auxil  ialry  .Heaters 

'    I-l    Spacre       .  t    1.00  (4/109) 

I .  2    Service  hot  water      I.Ob  (%/IQO) 
J.  Auxil  iary  .energy  costs  (see  Figures*  1?-1 ,  15- 
-     J.l  .  Space  <f.(>0     ;  U/m'Btu) 

J. 2    Service  hot  water  f.OO 


Worksheet  LCA-1 


.  JO   '(m  Btu) 

ggf  :(m  Btu) 

(m  Btu) 


S*  (Si/100)-. 


f  C$/ft2)  , 


2)  - 


FINANCIAL  DATA 

K.  Terms  of  loan:  Years'^ 
L.  Down  payment  oh  loan: 
Amount  of  loan: 


M.  Amount  of  loan :    G  -  L ' 
N.  Annual  mortgage  payment- 
Factor  from  Figure  15-4 


"($"/m  Btu) 


Interes-t  rate 
%/lflO>c-GVSga7 


0.  II    x  M 


TAXES  AND  INSURANCE        .'  '  '  ■' 

P.  Property  tax:  G I £000  x  P-.l  ■  30     x  P. 2. 
P.l    Ratio  of  taxable  'value  to    '  " 

installed  cost  -VST     >(£/100)-     *'  • 

•    P.Z    Property  tax  ra$e  '-;  -flfca  U/100) 
"Q.  Income  tax  rate; 

Q.l„  Federal  tax- rate'      ■  3C"fc.  (%/TOO) 
'     Q.2    State  tax  rate       7^.0?      (»/100j  - 

:Q.3   Effective  tax  rate[(Q.l  +  Q.2  -  2(Q.l )(Q.2)]  -• 
R.  Insurance:    [G  isQQQ  insurance  rate  .qqZ  (%/10Q)]- 

OPERATION  AND  MAINTENANCE  ,  ■ 

5.  Operating  cost  first  year:  , 

(S.1  x  SJ  x^l.l)    ^7<6>    m.  Btu  x   .'.'o6>  • 
m  "  x_Jf_    $/m  Btu 

Annual  solar  heat  suppl  ied.  (E  x  C)  • 

.   re  x  •j/t/.g  ?.  976>  ( 

Fraction  of  solar  for  electricity v 
tenance.cost-.first  year  .  , 

YSTEM  DATA         -    ,   .  •  '  , 

Fuel  'e^x/ienses  in  first  year:  . 

U.l  .  Space  (A  x  J.l  -j 

v.:JK2    SeA^icefhot  water:  ( B"  x  J. 2  J  _J 

■'u.3   Total  load    (U.l  +  U.2) 
V. ^Operating  expenses  in  first  year  (U.3V0.03) 
W.^Fuel^lus  operating  expenses  .in.  first  year  (U,3+\t) 


9     (55/100)  *  ' 

J~  "    '  /SEP  ($), 

_  •    /</fo~($/year)  . 

*  _^Zl($/-year) 


! '-  35  (%/100) 
3If$/year) 


i.l 


T.  Mat 
NON  SOLAR 


U 


m  Btir) 
(%/100 


•    S3  ($/year) 

'  5$  ($/Vear) 

<*»J  ($/year) 

j  ($/yearO 

(5/year) 
($/year) 
/<?6#  ( $/year ) 


/: 


Worksheet  LCA-2  \ 


S 


LIFE  CYCLE  COST  ANALYSIS 
CASH  FLOW 


A.  Mortgage  interest  rate'    „ 0^ 


 %f\OQ 

EL  Auxiliary  fuel  inflation  rate. 08  "/TOO 
C.  General' inflation  rate.  -'   .06  VI 00 


C£l lector  aVea  COO 


>t2 


Solar  fraction  of  total  load  .  yr  %/100 
(use  worksheet  TA-2) 


System  Cost  $  iSyOoo 
Pown  Payment  $  jf  roo 


in*    [2]        'C3]          [4]    *    ([$]         [6]      .      [7]          [8]       ■.    *[9J-.       [10],   ,      [11]  [12] 

•  '  ;  Annual  t  .Years  j 
Year' Mortgage ;  Left  on 
Payment  .Mortgage 

Frac.>of'T          •.' Auxiliary;..  ^. 

Mortgage  j1"*™',    Fuel  "/  \  Prf^  ;  Insurance 

as     s    Faid    !    cost     |    Ia       !  •  ■ 
Interest"            1             A  i 

Operating 
%Cdst 

Maintenance! 
Cost 

i 

Income  r 
Tax  ! 
Savings ! 

•Expense  j 
with  v! 
Solar  \ 

'i  :  /y*s~  /  10            1         '\  <  1st 

0    \  vr 

•  V^2 

|'2-;  /v*r      /<>  '..sor  !  //<?r  !  /$? 

0    !  yr 

i-7 

^9V 

...3  i  /  v?r   -  /a  ,  .7W  !  //.^-J  ./*/ 

0    1  yr 

£2\ 

•  svr  : 

/y^y- 

i«4    !              1      /7     1   .?<?.C    l    //Stf    i  /9r 

b    j  vr 

<? 

tfo_.  • 

3?r 

i  5  1 7Vfrr :       •  *          '  ll0£ 

lit 

0      1  VP 

72 

;r//  j 

i   6      /V-Jf.r  i     I'r     '   .720  1   

2,2ft 

0    1  vr- 

7?  . 

*5r3 

,/STO  ! 

1  r  \  yy*r  1 

/V-         -  700     1  /OVO 

-  tY 

7/ 

is   •  /  u  »«r  ■ 

/a    !  .670   i  «W.r 

0    i    vr  1 

:  Hi 

1  7r 

1   9   ;  /vfrr  1                       •  i  9.C<? 

1?? 

0    -   vr ■  ■ 

iff 

, N  *° 

S/v. 

1  10  ;  7V5-5-   j  '  //    '  i  -^0     i  W 

' 

yr  • 

IOC 

'  ?V 

mi 

111  ;  ./i/»r  ;   /a       .s-?r  1  -  ss> 

3?c 

0     i  vr 

If* 

2?2 

H'2  !  vv-fcr     '9     !    «rvo    !  *$2. 

0     I    vr  . . 

■m 

9  .r  • 

2^r  , 

/svr  1 

!  13  L  zy*r             1  -wo  '  1   7«  * 

39* 

0    i  vr 

"\%\. 

/o/ 

•2-yr 

;  -14  ;  ivt.r       n     \  .*$o    \,  a* 

.  V22 

0     i  vr. 

10  7 

|  J9?3  1 

!  15  1  /wpr^i      6.     1  .  v<?      i  S*9V- 

.  yrr 

0 

vr 

1  .  /v.?  , 

h-2^r?  i 

L  mit-  1     <r  '  !  .1)5" 

FLO  ■ 

V9  2  . 

-  0 

yj- 

'  I6Z 

m 

2/3% 

•17'  rw?r,  ," 

.29 

V3/ 

-*--rz7" 

\Ht  . 

!'I8  !  ;Vfrr 

1-  ■      *  ■ 

 I  

3*2 

5"7<r 

\  0 

vr  , 

i 

//3  ' 

2S2.2 

'.19  i  /vt?r 

2 

J6 

0  . 

vr. 

2/2 

2</Zr 

•20  1  /y*r 

/ 

.<?Z5T 

/2f 

\  C61 

0 

•  yr  . 

zzr" 

*   /r/      1 .  V2  • 

Ul7 

[2]  Anaual  mortgage  payment* from  LCA-i,  line  N 
[4j  Sec  Figure  15-5 
[5 j"  Co i  nmn  -[2]  x  column  ['4]         ,  , 
.[6}  First  year  cost  from  worksheet  LCA-1  : 

•  (Ox(UE)x(j.n 

P*  \        Serond^nd  future  years: 

v.'     474        4(first  y^ar  cost)       +  fuel  inflation  rate) 
^        [7]  See  H/iT^  worksheet  LtA-l". 

ERLC 


.  [8]  See  line  R,  worksheet  LCA-1 
[9]  First  year  cost  see  line  S,  worksheet -LCA-1  , 
Second  and  future  years:  '         •  ~*  • 

(previous  year  cost )  x  (1  *  fuel  inflation  rate) 
[10]  First'year  cost  see  linej,  worksheet ;LCAT1  a*jK 
Second  and  future  years:  4#o 
.    •     .(previous  year  cost)  x  (1  +  general  inflation  rate) 

[11]  Column  [5]  x-  (0.3,  worksheet . LCA-*! )  -  ; 

[12]  Downpayment  +  [2J^[6]H73+C8]+[9]  +  [10]-[l  1 X  * 


Worksheet  LCA-3 


LIFE  CYCLE  COST  ANALYSIS 
ECONOMIC  SUMMARY 


A.    Fuel  inflation, rate  .6$* 

(X/100) 

i 

-  [2] 

'  [3]  ' 

[4] 

[5] 

[6]  ; 

[7] 

[8] 

C9] 
 *  

[10]  " 

[11] 

hON-SOLAR  SYSTEM  1 

t 

/'solar  system  ' 

/ 

V- . 

•Year 

I     •        •  1 

\  Collector  ^ree  yooft/ 

•  <* 

Col/ector  are?  S'OO  ^ 

Col  lector  Area  ft* 

i 
j 

Fuel  P.lus  j 
Operating  Expense  J 

Exo<;nse  |  Savings  '! 
wi th  Solar'with  Solar 
froniLCA-2j[2]  -  [3] 

CutiuI  . 
Savings 
with  Solar 

Expense  j  Savings 
wi  th  solar  wi  th  Solar 
fronylCA-2j[2]  -  [3] 

Curtiul . 
Savings 
with  Sol ar 

Expense 
wi  th  Sol  ar] 
fromLCA-2 

Savings 
with  Solar 
[2}  -  [3] 

fCumul. 
/Savings'  j 

with  Solar ! 

j 

i 

|             ft*  ' 

23/V-  1 

-  /r?9 

•-.  /  9-2-2 

-mi  \ 

2 

// V9  | 

1272 

-   |  2-3 

— -  /  3? 3> 

n$+  i 

-  i&r 

/ 

«    3  * 

ins-  . 

-  7V 

1170 

~  12-9 

1  777 

Z-Z-  TJ  7 

/3V0 

-  20 

/  Y6  7 

»-  6? 

.  /  3  7 

r 
D 

it  ji/CV 

1 

i  ill 

/Til 

 y  x  

At*  7 

6 

*  /S~63 

/V62 

1°/  , 

ivn 

-  /m 

•  13 

-  W6 

7  ' 

j,    ♦           r      v  %s  

/m  • 

/J7? 

/7/ 

-//ST 

is-u 

m 

-  /696 

ISM 

-  .«76 

8 

75-79 

2-fcr 

2-3* 

-  /V^O 

im 

/90 

-  2-/?d 

9 

•  /ivy  i 

32<f 



-  //3<f- 

-  IMS 

lU 

.  2-/27 

<^/2 

/7V- 

no  i 

T  709 

mi 

396 

- 

^z.7  / 

/793 

mi  - 

-  f77 

\m 

sio 

-  992 

•  12 

/87r. 

mi 

,  m 

77/ 

-  3S-6, 

13 

7/i- 

my  i 

 27Z_ 

jzn 

/909 

770 

v/v 

1* 

2061 

'  £m  -■ 

mi 

.  im  ■ 

9// 

9// 

.  IS 

u —  ^/2r 

2/67 

•  m 

p>7%  , 

3/93' 

197?" 

16 
— i— — 

1/ 

7Z%o 

\   ZWh  , 

"mar- 
tin ' 

S*778 

ITro — 
2.273  ' 

— 

/372 

5-?7o 

-*~Zt-39 — 

/V/7 

h — 

W32 

18 

3937 

2533 

/yov- 

Aw 

732r 

I6!S~\ 

a+7 

19 

•  2W- 

i??r 

?757 

9<?7<5  , 

1*21 

2D 

Vr92  .  -» 

2?3<? 

mi 

io,r/9- 

W3- 

'//OS* 

2S17 

IVl°i 

CO 


[2]  First  year  cost,  see  line  W  of  worksheet  LCA-1 
.Second  and- future  year:  '  . 

'(previous  year  cost)  x  (1  +  fuel  inflation  rate) 

[3]  Column  [12],- worksheet  LCA-2      -  ' 

[4]  Column  [2]  -  column  [3] 


ERJC^B 


[6]  Column  [12],  worksheet  LCA-2 
[7]  Column  [2]  -  column  [6] 
[9]  Column  [12],  worksheet  LCA-2 
Q10]  Column  [2]  -  column  [9]  ' 
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WORKSHEET  TA-3 


SOLAR  SYSTEM  SIZE 
1 


T^pe  of  System'  ^  y 

Econorpipl  Collector  Area 

Collector  Tilt  *  , 

»_ 

Collector^Pluid  Flow  Rate:. 

1.     Air  System," (V. 5  to  2  cfm/ft2  cftllector) 

2\     Liquid  System"  (0.02  gpm/ft2  collector) 

Pumps :    Liquid  System  , 

1.  Collector  loop  flow  rate  (D.2) 

2.  Storage  loop  flow  rate  (l.BxE.l) 

3.  Servjce  v/ater  preheater  , 


4. 


Heat  distribution  coil  (depends, 
upon  heat  delivery  rate) 


Blowers:    Air  System 

*  • 

*V.    -Collector  loop  (D.l ) 

2.     Distribution  blower  (provided 


with  fOrnace) 


3.     One  blower  system  (D.l) 
Storage:  » 

1.  biquid  svsteni  Bx2.0  gallons/ft2 
,  v       coll ector 

2.  Air  system  Bxl/2  ft3/ft2  collector 

(a)  Pebble  size  (1-in.  screened 
concrete  aggregate) 

(b)  Cross-section  area    (D.l  :  20) 

(c)  -Rock  tfepth    (6.2  :  G.2.b) 

Heat  Exchangers: 

Consult  heat  exchanger  manufacturer 


Head 
Head 
Head 
Head 


Head 
Head* 
Head 
1 


4  (Ay 


5QV 


5b" 


degrees 


IOQD  cfm 

>     f/fl      '  gpm 

*  a 

nIa     \  gpm/ 


gpm- 
Tft 


2-3 


gpm 
ft 

gpm 
ft 


IOOO 

cffl 

1-1 .5 

*  in  w. 

g. 

cfm 

in  w. 

g 

/ooo 

cfm  - 

1-1  .5 

in  w 

g 

3: 


gal 


fr 


ft 
ft 
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*  v 


BLANK  WORKSHEET  FORMS 


C  » 


ERIC 
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lie 


Worksheet  TA-1 
Sheet"  T^of  2 


Building*  Heat  Load'Calculations 


Job 


Computed  by_ 
^Locatpn^  


Number  .of  Occupant s_ 
Date 


.  Latitude 


Indoor  temperature,  TR,-  ,  

>Design  wintfrr  outdoor  temperature \  T0< 

Design  temperature  difference"  

Design  degree-day,  65  -  Tp^   


_*F 

a  °F 


Building  Dimensions: 
Above  Grade:  Lengthy 
•  Below  Grade:  Length_ 


Jft 
ft 


Width_ 
Width 


Concrete  Floor  Slab:    Exposed  perimeter^ 


Exterior  Wall  Area: 

V 

m 


r      <  ' 


Window  Area: 
Door  Area: 


Net 'Exterior  Wall  . 
Area: 


Ceiling  Area: 


\ 


Floor  Area : 


"Basement  Wall  Ar*ea: 


\ 


_ft 
_ft 
ft 


Ceil ing  Height_ 
Depth  


Heating  Qegree-Days :*  .January 

Annual 


_°F-days 
°F- day's 


ft 

ft, 


*  From  Tab'le  13-2     .  • 
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Worksheet  TA-1 
Sheet  j    of  2 


■    U  . 
Btu 

(hr)(/ft  )(v6F) 

AT  °F 

%' 

(J  / 

M  =  U  A  AT 
Btu/hr 

Exterior  Wal Is  (net)           ^  V 

t 

Basemeat 
Wal>ls 

Above  grade 

-■ —  

Below  grade  '  ^ 

* 

Windows 
and 

Sliding  , 
Pa:tio 
. Doors 

Single 

 . — .. » .  . , . — . — - — . 

* 

Double 

• 

Triple  , 

J 

Storm 

*  Exterior  SI ab  Doors 

.  

Walls,  W-indows,  and  Doors 

Floons 

%  ft  / 

-  Over  prawl space  , 

* 

1 

0 

Concrete  Slab  on  Grad? 

Basement1 

Ceiling 

Subtotal  (walls,  windows,  door;s>  floors,  ce'ifing)          *  - 

infiltration:  (0.(518)  x        "        f t3  x       '  °F 

/  Duct  =  10  '  of  subtotal  (if  du*cts  not  in  insulation  ew/elope)  - 

Design  Heating  Load:    Btu/hr  j 

-    \  '        .  >  ' 

\  *  

V 

Design  Heating  Load:  v  Btu/DD- 

Design  Heating  Load  (Btu/hr)  X  (24  hr/Desi.gn  DD) 

r  * 

January  Heating  Load:    m  Btu, 
*   (Btu/DD)  X  (January  DD)  ' 

Annual  Heatirfg  Load":    m  Btu    #  i 
(Btu/DD)  X  (Annual  DD)4 

ERIC 


*  Tr-45°               (      '  .\ 

■     DOMESTIC  HOT  WATER  LOAD' 

« 

Number  of  occupants  X  16,680  Btu/day  / 

January  Load    (m  B*tu)  (Btu/day)  x  3-1  x  10"^- 

An'nual  Load    (m  Btu)   (January  .load  xl  2) 

 —  '                                •>  v-  — ~ — — -J 

* 

.   ..  '  ••'  '  .'      481  • 
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r 


t 


■  5 


SOLAR  SYSTEM  DATA 


■. .  Worksheet  TA-2 

»  a     •  » 


ffuilti'ing  Owner:   ± 

/fddres?:  ^  \  ^_ 

Contractor:   '      '  {> 

Type  of  Solar  Systent  (aiY  or 'l  iquid) 


A*.  -  Location:    Nearest. city 


r 


B, .     Mean  daily  solar  radiation  in'  Janua'ry  (s).   ^_ 

C.  January  solar  radiation  on  a  horizontal  surface*  (S) 


'•Latitude  (i'Y 

'    (Btu/ft2.day.h  + 


(Bx  31)  = 


D. 


January  building  heat  load  (L) 


jBtu/ft2*mont 
fBtu/month) 


January  soUr-^adiation  r  January  buil ding,  load    (  s 

~  *   -     "    .  (S*L)  *     ■  \  ■  "'(I/ft?). 


F.  Collector  tilt  . 

H  ■  "  " — ** 

G.  Collector  Orientation 


i  + 


or  I 


degrees , 


fKom  south* 


H.  •  Heat  Exchanger  Temperature  Difference  (Liquids-systems  onl^J,  F 

I.  Fraction  of  annufl  heating  Toad:  ,  # 

[1]  '  [2]    .  [3]  '[4]    '**  '   "_[5]  [6]-  [7] 


Nunjber 

Trial 'toilet tor 

Area  at 
Tilt  -  Latitude* 
A* 

Area  Corrected 
for 
Tilt 
A 

Area  Corrected 
for 

Orientation 
A^ 

Area  Corrected 
for 

Heat  Exchanger 
A 

SA  ' 
L 

* 

f 

 a 

■ 

»  L 



1 

[2].  Selected  arbitrarily  or  detenni hed' from  f  1 
[3j    Correction  to  column  [2^]  "-for*  ti  1 1  ,not  equaLto  latitude  (Fig*.  14r2) 
[4]    Correction  to  colunin  [3]  for  orientation  (Fig.  14-3)       /       ■  ■ 
{5]    Correction  to  column  [4^  for  heat  exchanger  (liquid  systems  only) 
[6}   From  Figure  14-1 
*  '  [7]  'Selected  arbitrarily  or  determined  from  Figure  14-1  n 


ERIC* 
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'1 


SOLAR  SYSTEM* DATA 


Worksheet  TA-2 


A* 


Building  Owner: 

Address*: 

Contractor: 


- — t— — ; 

1  "  ' 

__2  ~*0*~ 

Type  of,  Solar  System  (air  or  liquid)' 
*        **     ■  * 

A  *    Location:"    Nearest  .city 


B.  /  Mean  daily  sol  ar' radiation  .in  January  (s) 


Latitude  *U) 


C.  January  solar  radiation  on  a  horizontal  surface  (-S) 

,      '  ■  ■        .  \  '  '(Bx'31)'=  _  

'D.  »  January  building  He^t  load  {I}*   . 

E.  January  solar  rad-iation  v  January  bui.lding  load 


CBtu/ft2.'day) 

jBtu/ft2-month) 

(Btu/mbltM 
•* 

fl/ft2) 


F.     Collector  tilt 


l  + 


•  or  i- 


Co>lecto,r  Orientation^---';       ^  degrees, 


from" south 


1.      Fraction  of  annua)  heating  load.: 

\ 

•'  PI 

[*]  'v 

[63 

[7] 

l'Tria.1 
[Number 

Tridl  Collector 

Area  at 
Tilt  =  Latitude 

•  A 

Area  Corrected 

-for  . 
V  Tilt< 
A  - 

Area  ^Corrected 
for 

"  Orientation 
A 

Area^Corrected 

*  for 
Heat  Exchanger 
*    '  A* 

sa\ 

x 

'  .  f 

• 

4    '  * 

\ 

* 

« 

*> 

\ .  • 

•  « 

/ 


[2]v  Selected  arbitrarily  or  -determi ned  frou^f  -  — 

[3]    Correction  to  column  [2]  foM^>tnot  equal  to  .latitude  (Fig.4  1*1-2) 

,[4]  .Correction  to  column  [J]  for  orientation  (FicJ.  14-3)"  * 

[5].  Correction  to  column  [4]  .for  heat  exchanger  (liquid  systems*  only ) 

[6]    Fronr  Figure  14-1  %  *  \ "  j  '        .     *        •  •  • 

[7]    Selected  arbitrarily  or  defbrmixjed  .fr;om  Figure  14-1  "        \  9 
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Worksheet  LCA-J 


,    ftFE  CYCLE  COST  ANALYSIS  .  ' 
'  '    '  '       ,s         W     . '  '      BAS-IC  DATA 

t  # 
"  *  • 

BUILPINGcDATA-^see  worksheet  TA-1 ) 

A.  Building  annual  heat  load  (in- million  Btu)\ 
^B.  Service  hot  watar  load  *(4n  millicm  Btu) 
C-.  Total  Annual  1  oa^ 

^OLAR  SYSTEM  DATA  (see  worksheet  TA-2)  „ 

D.  Collector  area  '  s 
,jE.  Fraction  of  annual-  load  ^carried-  by  solar 
1  F.  Unit  cost  of  solar  system*  i nstal  1  ed 

G.  Installed  cost  of  solar  system  tDx>F)'  x 

H.  Type  of*auxiliary  heaters: 

H.  l    Space  -   

*  H.2    Service  hot  water  i   . 

I.  Efficiencies  of  auxiliary  heaters:         *  % 

I.  l-  Space    '  ,  -  1"  ( %/100).* 

,1.2    Service  hot  .water       -  .      ' (%/lQO) 

•  J.  Auxil iary  energy  costs  (see  Figures  15-1,  15-2) 

*  J.l    Space*.  ;    '($/m  Btu) 

»      (S/nrBiu)'  > 


■A 


(m'Btu) 
(m  Btu) 
(m  atu) 


-(X/100) 
~~  ($/.ft2),. 

""($) 


'  / 


J. 2    Service  hot  water 

FINANCIAL  DATA  ^  '      >  ' 
K.  Terms  of  loan:  Years 


L.  Down  payment  on  loan;  ( 
M.  Amount  of  loary  G-L 
N.' Annual  mortgage  payment 
Factor  from  Figure  15-4 


Inter'est  rate'_ 
_%/100-x  G  j 


_x  M 
x  P. 2 


»  / 
' (%/10(fy 


(55/100) 

~{%/~\  oo) 


^AXES  AND  INSURANCE     _  ♦ 

P.  Property  tax:  G  ' ,'  '  -  x    

•'    T\l    Ratio  of  taxable  -Value'  to  V 

installed  cos.t  .   

t        P. 2    Property  tax  rate  ,  

•  Q?  Incdme  tax  rate:    ,        '  . 

%\   FederaT  tax  rate  _,_(V100)-    .  . 

Q.2'  State  tax  rate..  ~~  Jfc/lOO) 

•-Q.3    Effective  tax  rate[(QM  +  Q.2  -  2(Q.l ) (0/. 21] 
R.  Insurance:  %  [G  _,x  Insurance  rate     '  (ylOO)] 

OPERATION  AND  MAINTENANCE   -  ' 
S.  Operating  cost  first  year: 

(S.l  x  S.2  xJ-.l)  m  Btu  x  _j   - 

x      >      $/m  Btu 


($) 
.($•) 

_($/year)  ? 
($/yean) 


{%noo\ 

~($/year) 


5.T    Annual  solar  heafsuppl  f.eC(E  x  C) 

 x  =  __. 

■"  S.2  Fraction  of  solar  for  electricity 
T.-  Maintenance  cost  firs'fc  yea'r 

i 


NON  SOLAR  "SYSTEM  DATA  .  _ 
U.  Fuel  'expanses-  in1  first  year: 

•U.l    Space  (A  J.-1 

Ml. 2  Service  hot  water:,  (B"1" 


) 

"x  J. '2 


i>tu).* 
( %/ 1 00 ) 


^(S/year) 

""S  « 


($/year) 


0 

 ) 


U.3    Total  load.  (U.l  +  U.2) 
V.  Operating  expenses  in  first  .^Sar  (U.3 x 0.03) 

Fuel  plus- operating  expenses  in  firstryear    (U.3  +  V) 


($/Vear) 

 :_($/year 

 ($/year 

1  „($/year). 
_  4($/year) 


9 
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LIFE  QYCLE  'COST  ANALYSIS  *' 
-    .  '        r'  -    '.  '..   B/^SIC* DATA  .  - 

BUltpING  DATA  .(see  worksheet' ?4l ) 

A.  Bui  ldnngamnuaj-.n^at'  Wad'fin  milVion  Btu)  • 

B. .  Service  hot-'wa'ter 'ipaci, ,{'in\mrl.l fo'n  Bty)    •  ' 

C.  To  tal'annuat -Triad    .v*^*;  '  .  • 

•         ,  i  ':<  {. 

SOLAR  SYSTEM  'DATA':  Isee  worksheet;  TA-24        ■  •  - 
.    D.  Collector  ,are*<.. ^  -' 
E*f  Fraction  of  ^nnua^tf^/ca'ftHed  by  so4|rr  - 
*F.  Unit  .cost of  solar  system,  instal  led 
G..  Installed  cost  of  solar  system  (Dx  F)  > 
4  H'.  Type.of  auxil iary' heaters-:  •      /.  •  •  » 

'HD    Space  ^       ;        •    ■  i    J  '  ,.  .\ »■  ^  ; 
H.2  .  Service  hot  waiter        j    \     ,  ?  .. 
f.  Efficiencies  of  auxiliary  heaters':  -* 
'  1    Space  •    ■  >,   *:(^;i00) 

(I/iop) 


Worksheet  LCA-1. '  ' 


_(m  Btu)' 
(nf  Btu) 
{m*  Btu) 


1,1 

I-.2.  Service  hot  wate'r 


.J.  Au^cil  i.ary  energy -costs  ( see  'Figures ,  15-1 ,  15-2) 

J.l    Space_"  *  .  '*  •  ($/m.Btu)  ' 

J. 2  *  Service  hot  water     *  ,  _C$/m"Btu)  -.  -* 

FINANCIAL  DAJA  .       J%*  * 

IC,  .Terms  of  Joan :    Years     -       .Interest  rate  , 
L.  Down  payment  on  loan :  -  (  ?T  ^  %/ 1 00  x  G'      ■'  )  I 
M.  Amount  of  loan  :    G  -  L  *• 

•■  N.  Annual  mprtga^ge  payment      ,  ' 

Factor  from  Figure  15-4-  ,  x  M '        a  • 

TAX£S  AND  INSURANCE   .    ,  '  v 

xP.2  ' 


(%/100)' 


'P>.  Property  tax:  G' 
P.l 


x  P.l 


Ratio  o-f  taxable  'value  to 

'     installed  cost^          '  "(%/1QQ) 

P. 2  property  tax  rate  ^  -  (%/106) 
G\  Income  tax* .rate:  *".    **  • 

.    Q,l    Tederal  tax  rate.         f  •    "(%/100) ' 
Q.2  ■  State^"fax  rate 


 _   u/ioo)'  ;     •  ■ 

Q.3    Effective  tax  rateT^P^, 2  -  2(Q:V)(Q.2)]  x 
R.  Insurance:    [G<  ^_x  Insurance  rate     ._  (%/1-OQ-)] 

OPERATION  AND  MAINTENANCE      '         \^  t ^  '-  "~ 
S.  Operating  cost  first  year,:        '  7 
•  (S.l  x  S.2  x  J.l )  in  Btu-x 


  $/m<TJtT4 

S..1  . 'Annual  solar  heat  supplied  (Ex'C)  " 

Z_   =    '  r  fm  lUy) 


,  «      S.2    Fraction  of  sofar  for  .electricity   

T.  Maintenance  cost  first  year^      •">**  . 

NON  SQLAR  SYSTEM  DATA 
U.  Fut*l  expenses  in"  first  year:  ^ 

M. t  .  Space  (A  __j  x  rj.  1  J)  N 

.      x  J. 2 


(%/ioor 


(56/100) 


~($/ft2) 

Z($) 


,  7 .  - 


U.2.-  Service  hot  water:  (B 


) 


U.3'  Total  load    (U.l  +U.2)       -.  fV. 
V.  bf)eratin!i  expenses  in  first  year  ,.(U.3  x  0.03) 
W.  'Ftiel  plus  operating  expenses  in  tirst'year  (U.3+V) 


($).  ' 

:($)  .  * 

J$/year) 
_($/yea'r) 


($/-year) 


J$/year) 

> 

_($/y/ar). 


_($/year) 

($/year) 
(S/year)'  . 
.($/year) 
($/y'ear) 


ERJC  . 
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Work^eet  LCA-^ 


LIFE  C^LE  COST  ANALYSIS  . 
**  BASIC  DATA  • 


BUILDfNG.  DATA  (,sefc  worksheet  TA-1 )  '   '  '  / 
v  A.,  Building  annual  heat  load  (in  million  Btu)' 
.  B.  Service*  hot  water,  load  { in  .'mil  1  ion  Btu)  . 
C."  Total  annuaT  load  , 

.SOLAR, SYSTEM  DATA  (see  worksheet  TA-.2)*.  •  ** ' 
•  D.  Collector  area     *(  '  .  > 

:E.  Fraction  of  annual  load' car,r>ed  by  solar 
.  F.  Unit  cost -of  soVar  system  installed    '  - 
"G.  Instal l'ed>  cost  of  solar  system  (Dxf)  ; 
Type  o/  auxiliary  heaters-:  + 
'   ;*W.l  .  Space  ■  -  ■  *t 

'    H.2    Sertficte  hot  water  ■  : 


(m  Btu) 
"(m.Btu) 
"(m'Btu) 


J  ft2) 

jxnm.) 

($/ft2) 

3$) 


r/1  Efficiencies  *ef  auxiliary  heaters 
.1.1-  Space  ;     1  (%/lOQ 


1.2    Service, hot  water 


'  s  (*/100) 


J.s Auxiliary  energy  costs  (see*  Figures  1,5*1 ,  15-2) 


J.l  Space 


J.  2    Service  hot  water* 

FINANCIAL  DATA' 
K.'  Ternfs  of  loan:  .  Yeacs_ 
L.  Down 'payment  on  Joan: 

,  M.  Amount  of  loan : .  G  -  L 


($/m  Btu) 
(-$/m  Btu) 


Interest  *rat§ 
%/100xG. 


(%/100) 


N.;Annual  mortgage  payment 
Factor  from  Figure  15-4 


x  M 


TAXES -AND  INSURANCE,    '  ;  * 

P.  Property  tax:  G       ,  ,x  P \ T   

Prj    Ratio  of  taxable   value  to 

installed  cost     ;  ._ 

,    .  #  P.  2  rProp.erty  ta*  rale 
1    Q\  Income  tax  rate: 

-    •  Q.l*'*  Federal  tax  rate   

K}.2   State*  tax  rate 


x    2  2_ 


(35/1QO) 
~( 35/100) 

(%/ioo) 

"( 37100) 


Q.3    Effective  tax  ra,te[(qf.l  +.Q.2  -  2(Q.U(Q.2)] 


R.  Insurance:.  [G% 


x  Insurance  rate' 
)  « ■ 


(X/100)] 


.  OPERATION  AND-MftJNTENANCF. 

S  .VQp elating  cost  "firs.t  year: 


(S)l  x  S. 2x0.1)  : 


m  Btt 


x  '$/ni  Blu 

Annual,  solar  heat  supplied  (FxC) 


(m  lUu)'  " 
(VI 00) 


$,Z  FracCton  of  solar  for  electricity  ■  ' . 
7-.  Maintenance' cos^' first' year  <s 

NdN  SOLAR  SYSTEM  DATA  * 
y!  Fuel'expenses  in  first,  year:        /  '  •. 

U..1    Space*  (A^  x  J.l  •___)' 

U.2    Service"  hot  water:  ("B    »      "x  J. 2   

U.3  'Total  load    (U.1  +  U.2) 
V.  Operating,  expenses,  in  first  year  (U.3 x 0*03) 
ty,.  'Fuel  p,lus  operating  expenses  vin  first  year  (IK3+V)' 


) 


U) 

"($) 


[S/year)- 


_yf$/year) 


W/ipoy 

"($/year) 


_('$/year) 
($/year)- 


_($/year) 

_($/year) 
_($/year). 

.($/-YSar)-- 
"($/S*r) 


■ERIC 


486' 


Worksheet  LCA-1 


LIFE  CYCLE  COST  ANALYSIS 
.    "  BASIC  DATA 

*  " 

BUILDING  DATA  (see  worksheet  TA-1)  ;* 
.A.  Building  annual  heat 'load  (in  million  Btu) 

B.  Service  hot  water  load  (in  million  BtO) 

C.  Total  annual  load. 

SOLAR  SYSTEM  DATA, (see  worksheet  TA-2) 

D.  Collector  a/ea  ^  •       *     / '  ,  - 

E.  Fr;ac*tion  of  annual  load  carried  by  Solar  . 
>,  FVUnit  coSt  df  solar  sy^em  installed 
.   G.  Installed  Cost  o.f  solar  systam  (D'x  F)  - 

H.  Type  of'  auxiliary  heaters: 

H.  V  Spacer  

•    H .2    Service  hot  water 

I.  Efficiencies  of  auxiliary  heaters 
J.l  foace 

I.  2    Service  hot  water  % 

9  d.  Auxiliary  energy  costs  (see  figures  1  5-1 ,  15- 

J.l    Space   ($/m  Btu) 

J. 2    Service  hot  w^ter^   ($/m  Btu) 

FINANCIAL  DATA  *  '  ' 


~(*/too) 


2) 


K.  Terms  of  loan*-  Years_ 
L.  Down  payment  on  loan:" 
M.  Amount  of  loan     G  -  L 


T 


Interest  'rate 
%/IOOxG 


(X/100) 


*J.  Annual  mortga'ge  payment 
Factor  from  Figure  15-4' 

TAXES  ANb "INSURANCE  * 

'  x  P.l 


x  M 


P.*  Property  tax:  .G  

P.l    Ratio  of  tax3bTo 
iostfalled  cost 


x  P. 2 


value  to 


-(X/100) 
U/100) 


R. 


P. 2.  Property  tax^ate  

Income  tax  rate: 

Q.l    Federal  tax  rate  ^ 

Q.2    State  tax  rate         .  v  

0.3    Effective  tax  rate[(Q.l  +  Q.2 
Insurance:    [G       *    x, Insurance  rate 


(VI 00)  . 
(VI 00) 

-2(QJ)(Q.2)] 

(ft/100)] 


OPERATION  AND  MAINTENANCE 
$.  Operating  cost  first  year: 
(S.l  xS.2xJ.l)  in  Btu 


  $/m  B"tu 

5  J    Annuel  1  sol  or  heat  supplied  (j-xC) 

 x  »  =  __ 

S',2  Fraction  o£  solar  for  electricity 
Main Icnance)  cos  t  fjrst  year     '  <  f 


(m  RUi) 
(%A00) 


N0N  SOLAR  SYSTW1  DATA 


U.  Fuel  expenses  in  firs,t  Year: 

U.l  Space-  (A  x  J  J  , 

.  U.2 
U.3 


Service  hot  water:  (li 


) 

x  J. 2 


) 


Total  load  [(U.l  +  U.2) 
V.  Opcratinq  expenses  in  first  year  (U.3x0.03)  - 
W.  fuel  plus  operating  expenses  in  first  y^ar  (U.3+V) 


fz 


(m  Btu) 
(m  Btu) 
(m  Btu), 


 (56/100) 

($/ft2) 

($)  . 


($) 

K$) 

($/year) 
_'($/year) 


(%/ioq)  » 

"($/year) 


_($/year) 


J  ($/year) 


($/year) 


J_($/^ear) 
_($/year) 
_($/year) 
($/year) 


9 
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A.  Mortgage  interesY  rate   %/l 00 

B*  Auxiliary  fuel  inflation  rate.,.  %/1 00 
C*  General  inflation  rate  %/100 


LIFE  CYCLE  COST  ANALYSIS  . 
CASH  FLOW 

Collector  area 


\ 

-Worksheet  LCA-2  \ 


[i]  [?] 


[3] 


[4] 


[5] 


Solar  fraction  of  total  load_ 
•m  (use  worksheet  TAL2) 

[6]        N.[7]  [8] 


ft* 
%/100 


V 


System, Cost  '$_ 
Down  Payment  $" 


[9] 


[11] 


Year 

Annual 
Mortgage 
t Payment 

,  Years 
Left  on 
Mortgage 

I  ■ 

Fratf.  of 

Mortgage 
as 

T"r\  "f"  o  Vs a  c  f" 
1  it  Lt;  Icb  I 

1  n  Lc  i  c  bH*»- 
rd  I  O 

Auxil  iary 
Tuel 
Cost 

r  r  u  pc<  ty 

Tav 
1  O  A 

Insurance 

* 

llnQ      3  4"  i  r"l  C\ 

uperct  l  i  ng 

LOST, 

Tidi  n  cenance 

LOS  U 

Income 

Tax  ~^ 
Savings 

Expense 
with 
Solar 

1 

1 

 i  1 

9 
C 

> 

— W- 

0 

V 

 '  

V 

— \- 

9 

* 

\ 

 -  

c 

J 

v 

c 

0 

 ;  

7 
/ 

8 

i 

- 

—f-  

> 

9 

 9  

*  J 

y 

10 

IT 

*  - 

12 

-  Hk,  

* 

 *  

13 

> 

14 

 x  

& — 

15 

— >  l  1 

16 

17 

18, 

« 

19 

20 

■ 

 ' 

[2]  Annual  mortgage  payment, from  LCA-1,  line  N' 

[4]  See  Figure  15-5 

[5]  Column  [2}  *x  .column  [4] 

[6], First  yeaf  cost  from  worksheet  LCA-1 :  : 

(C)x  (1  -  E)  x(j:n 
Second  and  future'  years : 
(first  year  cost)  x  (1  +  fuel  inflation  rate) 
[73,  See  line  P4  worksheet  LCArl 


[8]* 'See  line  Rf  worksheet  tCA-1  *  '      -  : 

*  [9]  First  year  cos?  see  line  S,  works heejt  L&-V  - 
,    Second  and  future  years:  * 
(previous  year  cost)  x  (1  +  fuel  inflation  rate) 
[10]  First  year  cost  see  line  Tf  worksheet  LCA-1 
Second  and  future  years: 
(previous  year  cost)  x  (1  +  general  inflation  rate) 
[11]  Column  [5J  x  (Q.3.  worksheet  LQA-1 )  "  "  A' 

[12]  Downpayment  +  [2j+[6]/7]+[8]f C9]+[10]-[l  1  ]   •  • 


Worksheet  LCA-2  '  ' 


V 


A.  Mortgage  interest  rate  , 

B.  Auxiliary  fuel  mflapon  rat^_ 

C. "  General  inflation  rate  

[4] 


S/10j 

;.vioo 
n  30 


LIFE  CYCLE  COST  ANALYSIS' 
•'  GASH  FLOW 

Collector  area  

Solar  fraction  of  total  load  ; 
(use  worksheet  TA-2) 


[7] 


[83 


[9] 


ft2 

jt/iocr 

[10] 


.  System  Cost  S 
Down  "Payment  S_ 


j  Annual  -  I  Years  i 
Year  Mortgage '  L-ef.t  on* 
j  Payment  Mortgage-'' 

Frac..  of ri            i Auxiliary 
Mortgage-11  d!-h        Fuel  ' 
r    as      !    Pa!Q    ;  co§t 
Interest' 

Property 
i  ax 

1 

Insurance 
■ 

• 

uperati ng 
tos  Z 

.1 

ria  i  n tenance 

uO  S  y 

j 

* 

Income 
Tax  ■ 
Savings 

Expense 
with 

• 

So4  ar 

•  1 

; 

i 

i 

&  i 

-C-  

2 

1  j 

* 

—  -  -  i 

1 1 ' 

!                 -  * 

!_3_J  1 

j 

 . — _  

 1 

j   4    1  • 

**  * 



— / — 

-  

1    5    I'  i 

i 

ri  #— 

m 

!   7  • 

- — — ' 

<  t 

 !  

"f- ;  

1  8 

'  1 

• 

-   

w 

- 

\  9 

^        1  * 

! 

> 

10 

 ^  

*\          *  * 

* 

'11 

\ 

12 

• 

13 

to 

;  -  *,;■>  ; — 

*  r 

14 

> 

|_         i  _     f  i 

15  « 

k 

 #. 

• 

16 

j  

.  17 

» 

T8 

'  19- 

• 

t 

20 

—   

\P9 

EMC 


[2]  Annua*!  mortgage  payment  f^om  LCA-1,  line  N 

[4]  See  Figure-1^-5 

[5]  Column  {2]  x  column  [4]' 

£6]  First  year  cost  fro^.  worksheet  LCA-V: 

(cjx(i-E)x(j.ir" 

Second  and  future  years:    (  t 
(first  year  cost)  x  (1  +  fuel  inflation  rate) 
[7]  See  line  P„  worksheet  LCA-1 


[8},See  linp      worksheet  LC#-l'  , 
[9]  First  year  cost  see  ]ine  S,  worksheet*  LC/H 
Second  and  future  "year s :  *  t  '  + 
(previous 'year^o^t^  x"  ( 1  +'fuel  inflation  rate) 
[10]  First  year'cost  s&e^Tine  T, *  worksheet  LCA-1 . 
Second  'and,  future  '.yeaY^:.      *    N   t      *  * 
(previous  year  £OS\t)jc(l  *  qeneral  inflati^nnrate) 

[11]  CoAumri  [5]*x  (Q.3t  wofSheet  •LCA-^1 ) 

[12]  DownpaymenV*  [2]+[6 W]+[8l+[9]+[10]-[lfl].  490 
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Worksheet  LCA-2 


A.  Mortgage  Interest  rate   

p.  Auxiliary  fuel  inf  i ation  rate_ 
C.  General  'inflation,  ratej  


[4'] 


'LIFE  -CYCLE  COST  ANALYSIS 
;.  *     *  CASHFLOW 

Collector  area_; 
Sol ar  f rac 
,  (use  wor 

[5]     ',[6]  [7] 


_%/T00 
%/T  00 
?i/100 


Solar  fraction  of  total  load_ 
,  (use  worksheet  TA-2') 

[8-] 


'[9] 


ft2'  ' 
"%/ 1 00 

[10] 


System  tost  $_ 
Down  Payment  $ 


[11]'     '  P2] 


I  Annual*  j 
Year  J  Mortgage' 
•  j 'Payment 

Years    jFrac.  of 
Left'  on  'Mortgage 
Mortgage  ^js^ 

Interest 
Paid  . 

Aux'il  iary 

Fuel  \ 
.  Cost 

r roper^y 

1    Ta  v 
*    1  a  a 

Insurance, 

—  —  

Income 

Tax 

Savings 
• 

Expense 
with 
Sol  ar 

■1  1 

1  ' 

1  • — 

^  ~_ 

2   1  I 

^   1 

-  -V-  „ 

p-±  | 

V.     '  ! 

* 

• 

* 

4    f  • 

'  1 

-^Tr1— 

1  i  

I  5' 

t  m 

1.  6 

•  1         «    i    ^      i  |         -  • 

:    •■   .  I 

— ~  ?  1  

*  t  1 

t 

i           i««   '*  ■ 

 7^ 

• 

-9. 
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[2]  Annual  mortgage  payment,  from  LCA-1,  line  N< 
[4]  See  Fi/gure  15-*5  5  •>  '**  >  '  '/  " 

[5]  Column  [2]  x  column  [4"]  ,  /-*•,* 

[6] 'First  year  cost  fr§rp  worksheet  LfeA^f: 

\(c')x(i-e>x.(%j.?j  -        .y  •     *  «. 

Second  and.  future  ye^rs:  *  t 
(first  year  cbst'jLx  (1  +  fuel  inflation  rate) 
[7]  See  line  R,  worksheet  LCA-1   ;|  . 


.7 


[8]  See  line  R,  worksheet  LCA-1 

[9]  First  yeer-cost  see  line  St.  worksheet  LCA-1  4  ■  • 
Second  and  future'yearsr 
(    (pre^ia'us  year  cost*)  x  (1  ..t'fuel  inflation  rate) 
[10]  First  y^ar  cost  ,see'line  T,;worksheet  LCA-1, 
Segbrfd  and' future  years;: 
(previous  year  cost)x(l  +vqeneraranf1atipnfrateJ  " 
[XV]  Column  [Six  ^Q.3f  worksheet  LCA-1 )        •  :  '       4 tip 
[12]  Downpayment  +  [2]+[6]+[7.]+[«]+[9]+[10}-[n].  ^  ~ 


Worksheet  LCA-2 


A.  Mortgage  interest  rate   . 

B.  Auxiliary  fuel  inflation  rate_ 


L If E  CYCLE' COST  ANALYSIS 
CASH  FLOW 

Collector  area 


General 
[U  [2} 


inflation  rate 
[3] 


[4] 


%/100 
~%/100 
J/100 

"[5]  '    .  [65 


'Solar  fraction  of  total  load_ 
•  (use  worksheet  TA-2*)' 


%/ 1 00 


System  Cost  $ 
Down  Payment  $ 
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Cio] 


[11]  [-12] 


j  Annual  |  Years  jFrac 
Year', Mortgage  Lett  on 
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[2]  Annual  mortgage  payment  from  LCA-1,  line  N 
[4]  ^ee  Figure  ^5-5 
[5]  Column  [2]'x  column  [4j 
[6]  first  yfear  tost,  from  worksheet  LCA-1: 
:  (C)x(l-£)X(J,1)- 
<    •    Second  and  future  years; 

'  v  "(first  year  cost)  x  (1  +  fuel  inflation  rate) 
^  [7J  See  line  fVvwrksheet 


'  [8]  See  line  R,  worksheet  LCA-1 
[9]  First  year  cost  see  line  S,  worksheet^LCA,-*! , 
Second  and  future  years; 
,     (previous  year  cost)  x  (1  +  fuel  inflation  rate) 
[10]  First. year  cost  see  line  T,  worksheet  LCA-1  j 
Second  and  future  years:* 
(previous  year  co$t).x  (1  +  general  inflation  rate) 

[11]  Column  [5]  x  (Q.3,  worksheet  LCA-1 )  \ 
K[12]  Downpayment  +  [2>[6]+[7]+[8]+[9>[10]-[\l]  ^ 
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Worksheet'LCA-3 


LIFE  CYCLE  tyDST  ANALYSIS 
"     ECONOMIC  SUMMARY 
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[2]  First  year  cost,  see  lijjfc  W  of  worksheet  LCA-1 
Second  and  future. year: \ 

(previous  year  cost)  x  (]  +  fu^HnfJation  rate) 
'31  Column  [12],  wdrksheet  1CA-2 
4]  Column  [2]  -  column  [3] 


[6]  Column '[12],  worksheet  LCA-2 
[7]  Column'*[2]  -  column  [6]     -  . 
[9]  Column  [12],  worksheet  LCA-2 
[10]  Column  [2]  -  column  [9] 
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.Worksheet  LpA-3 
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A.    Fuel  inflation 

[i]    •   fcr  <  ■ 


LIFE  CYCLE  COST  ANALYSIS 
'  "   ECONOMIC  SUMMARY 
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[2]  Fir$t  year  cost,  see  Line  W  of  worksheet  LCA-1 

:  Second  and  future  .year :  ' 

•  *  (previous  year  cost)  x  (1  +  .fuel  inflation  rate) 

tt]  Column  [12],  worksheet  LCA-2 

^94f  ,  M  Column  [2]  -  column  [3] 


[7]  Column  [2]  -  column  [6] 

[9]  'Column  [12],'  wqrksheet  LCA-2 

[10]  Column  [2]  -  column  [9] 


497 


Worksheet  ta-3 


*  SOLAR  SYSTEM  SIZE 


Type  of  System 
'  B.  .   Economical  Collector  Area 
C.  -   Coll-ector:  TtT t>  ; 

b.  '..Col iffctor  Fluid  Flow  Rate:    •  v 

&       •       .  ,  ,.  -  - 

1.    ^Air  System  (1.5  to. 2  cfm/ft2  collector) 
"f.  «  Liquid -System  (0,02  gpm/ft2  collector) 

E.  "  Pumps:    Liquid  Sys^  /  ,  - 

1.  Col  Lector  loop  flow  rate  (D.2*) 

2.  4  '  Storage  loop  flow  rate  (-1  .5  x  E.l)  *  ' 

3.  •  Service  water  pre^eater  *  '  * 

4.  Heat  distribution  coil  (depends 
upon  heat  del i very  rate) 

F.  Blowers:    Air  System         ~^  # 
1 .     Collector  loop  (D.i) 


2.  Distribution  blower  (provided 
with  furnace)^  ' 

3.  One  bltfwQr  system  (D.l)  J* 

Storage;  *  \ 

1.  -  Liquid  system  B  x  2.0  -gal  1  ofis/f t2 
•  •    col  1 ector   •  * 

:a. Air #sys tern  B  x  1/2  ft 3/ft2.  cof lector 

(a)    Pebble  si*e  (1 -in. -'screened 
concrete  aggregate)    '  ** 
w,     (b)    Cross-section  area    (D.-l  :- 20) 
(c)    Rock\depth  G.2.b) 

H*t  Exchangers:    '  -   .  , 

Consult  heat^exchanger  manufacturer 


\  tonsui 


Head 
'Head 
Head 
Head 

Head 
Head 
Head- 


1-1  .5 


1-1 ,5 
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ft-. 


•3  *  '*   gpm  * 


2-3.     ,  -ft 
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i- 
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in- w.g. 
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•  ~1 

±9 


SOLAR  SYSTEM  SIZE 

Type  6f  System 

*       *  * 

Economical  Collector  Area  *  ' 

Collector  Tilt  '  - 

Collector  Fluid  Flow  Rate:  * 

1%     Air  System  (1;5  tofc  2  cfm/ ft2 'collector) 

2.  Liquid  System  (0.02  gfffn/^ft2  collector) 

PumpS :    Liquid  System, 

Y.    ^Cpyfe^tor  loop  flow  rate  (D.2) 

'2.  .    Stora*  loop  flow  rate  (1 .5  x  £.] )  , 

3.  Service  water  preheater 

4^    Heat  distribution  coil  (depends 
upon  heat  delivery  rate) 

Blowers:  -Air  System    '  , 
1  .   .  Collector  loop  (D.l )  , 

2,.     Distribution  blower  (provided 
vyitfi  furnace)  '  .  . 

3.  >.  0oe~  blower  system' (D.I  V 


Storage:  . 

1.  ^  Liquid  system  B*x  $0  gallons/ft? 
-  * '     collector  < 

2.  Mir  system  JBx  1/2  ft3/ft2  collector 

(&)    Pebble  si z'e  (l-in.:  screened 
'Concrete  aggregate) 

(b)  Cross-section  area    (D.l  f  20 )v 

(c)  *  Rock  fepth  -(G.2  f  G.2.b) 

/ 

Heat  Exchangers:  *  * 

Consult  heat  exchanger  manufacturer 
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•   '     *  •  '  INTRODUCTION    '         •  * 

„  Rising  energy  prices  is  a^trong  incentive  to  reduce  energy  consump- 
tioh,and  a  way  to  conserve  energy  in, buildings  is  to  reduce  heat  losses. 

m  %  ^  % 

Jbere  are  many  wayS  this  can,|>e  done,  the  nrost  direct  being. to  provide 
more  insulation  in  wcftls'and  ceilings  of  new^buildincjsf,  reduce  window 
rarea,  and  use  double  pane  windov/s  andyStorm  doors.    While  these  energy 

conserving  measures  are  obvious,  there  are  physical  and  economic  limits 

A-  '  " 

beyond  whi'ch  energy  conserving  measured"  are  not  effective.    This  - 

t  \ 
module  concerhss  ttyg  cost  effectiveness  of  .practical  energy  conservation 

measuresnn  residential  buildings  ,tfiat  provide  economic  returns  on 

invested  capital ,  • 

v 


.  4  OBJECTIVE 


The  objective  of  the'trairiee  is  to  recognize' the  merits  of  specific 

<• 

^energy  conservation  measures  in- residential  bui 1  dings  and  their  effect 

*  *  *  ..  ■ 

on  the  economics  of  solar  heating  and  cooling  systems.    At  the  end 

of  this  module  the  trainee  should  know:'  ,  . 

IV*  The  amount  of  insulation  that  should  be  placed  in  Tun  1  dings ,' 

wal Is  and  ceil itig  :  J 

*  2.     The  effectiveness  of  storm  .wvfidows ,  do<j>rs  and  multiple  glazing 

»  | 

to  reduce  beat  losses  / 
\  3,     The  effectiveness  of  lowering  the  therjnostat  by  two  degrees, 
in'  winter 

•     4.     The  impact  of  energy  conservation  , measures  on  solar  heating 


r 


and  copling  systems;,. 


i 
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ENERGY  CONSERVATION  MEASURES 


.OVERALL  HOUSE  DESIGN. 

0  r 

The  arrangement  and  orientation  of  a  house  can  strongly  influence 
the  Energy  requirements  of. the  house.    For  example,  changing  the  shape  . 
of  a  house  can  change  the  heat  'loss  rate.    A  one  story  house  with  outside, 
dimensions  Qf  32  *  50  feet  can, have  a  heat,  loss  rate  as  much'as  700  Btuh 
less  than  a  house  having  dimensions  of  25  x  64  feet,  even  though  Both  s 
have  the  same  floor,  area,  wall  insulation  (R-ll)  and  window  area.  A 
reduction  of  wall  height,  from  8  feet  to  7-1/2  feet  for  the  32  x  50  - 
fgot  house  can  result  in  a  further  reductionl)f  about  450  BMi.    An  L, 
T,  or  H  shaped  house  requires  more  heating  .energy  .'than  a  rectkngula.r , 
house  because  of  greater  Wa.l^  area  for  the- same  floor  area.    A\24  x  50  - 
foot  house  with  a  20  x  20  foot  L  Has  the  same  floor  area  as  the  32  x  50  -  A 
foot  house  but  there  can  be  a  greater  heat  loss  rate  by^as  much  as  1000  Btuh 

1  \ 

Locating  an  unheated  garage  or  a/blocking  wall  on  fche'side  of.\the 
house  toward  the  prevailing  wind  (usually  the  north  or  nprthwest)  can 

reduce  the  winter  heating  load  when  the  wind  is  blowing.  ^  A  similar 

x  '  *  \  • 

effect  can  be  obtained  by  planting  natural  windbreaks.  . A  protected 

'  •         •  * 

entrance  way  to  the  building  or  an  air  lock  entrance  can  alsvo  reduce 

r  * 

'  energy  needs  .  ; 

WINDOWS  AND  DOOR'S  y,  - 

N    1  The  window  area  for  many  houses  is  about  15%  qf  -the  floor  area. 
If  this  can  be  reduced  to  10%.  there  will  be  reduction  in  both  initial 
qTass  cost  and  heat  loss  rate.  .With  double  pane  windows,  heat 

♦  \  ,     i     /»  - 

•  losses  can  be  reduced  by  as  mucosas  3000  Btuh.  Jtedjrfction  in  window  area 


\ 


i 


can  be  achieved  by  raising  the_si  if  .height  without  Sacrificing  'the  view,,s 
■   \  \  *      '      I   :  x\    '  V-     '  '  "  . 

or  lighting.    As  mucin  as  25  to  30  percent  of  the  he^  loss- fronfjthe!, house1' 

occurs  through  doors' and  windows.    The  use  of  storm  doofVand  windows 

\  % 

will  reduce  this  loss  by  50  percent..-  '  -  -  \  -. 


j?kL  COffSTRJJCTION  ANB  INSULATION  *  * 

j     ^  Walls  constructed  with  2x4  studs  on  16-in  centers,   have  space  for 

3  l/2^inches  of  R-ll  insulation.    By  'framing  the  wall  with  2x6  studs 

24"  centers,  insulation  can  be  increased  to  R-19,  with  40  percent 

reduction  in  heat  loss  rate:    New  types  of  sheathing  are  available  with* 

an  insulation  value  of  R-5.    In  older  homes  where  there'is  often  no 
*  *  ** 

waTl  insulation,  mineral  wool  or  similar  material  can*be  blown  in  to 
achieve  an  insulating  value  of  about  R-7. 

Basement  .walls  that  extend  above  grade  can  be  insulated  on  the 
interior  surface  by  adding  furring^ strips .and  insulation  which  can  be' 
covered  with  gypsum  board  or  plywood..   In  moderate  of l mates,  2x2  furring 
strips  with  R-7  insulation  is  effective,  and  Jn  extremely  cold  cl\mates,  '  , 
2x4  furring  strips  with  R-ll  /insulation  may  b'e  considered. 


FLOOR  INSULATION 


Floors  over  unvented  crawlspace. should  bennsulated  along  the 
perimeter  walls  of. the  crawlspace/  Vapor  barren  on  the  ground  will-* 
also  help  to  reduce  heat  losses  to  the  ground.    If  the  crawlspace 'is 
vested,  insulation  should  be  installed  between  the  joists.  1  Pipes  and. 
duqts  passing  below  the  floor  should  be  insulated. as  the  he^t  should  be 

conserved  i-n  delivery  and  the  heat  losttfrom  the  pipe  or  duct  wiM  not 

\  %  * 

be  useful  for  heating  the  enclosure. 
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*  •    *        17-4      *  . r    \  , 

CEILiNG  INSULATION         '  \ 
•    Ceiling  insulation  to  R-30  can  easily  be"  attained  and  is  recommended. 

•  -Y  M' 

The  minimum  insulation  should  be  to  R-19.  •  V  \ 


INFILTRATION  REDUCTION  .     -  •  >     '  * 

Infiltration  of^air  accounts'  for  half  or  more  of  the  total  heat 
lossesrfrom  a  building  and  can  be  reduced  markedly  by  sealing,  caulking" 
^nd  insulating  the  end  plates  of  the  floor  joints  on  the  basement  walls, 
around  door  and  window  frames  and  at  intersections  of  walls.    The  holes 

around  pipes,  ducts  and  wires  where  they  pass  through  walls  and  ceilings 

*  k 

should  be  caulked  and  insulated. 

*  Other  ways  io  reduce  infiltration  include  use  of  tightly  closing 
flaps  on  exhaust  vents,  design  fireplaces  to  dra^/  outside  air  for 
cpmbiistion,  or  oetter  still,  eliminate  fireplaces.- 

*  If  a  building  is  heated  uniformly  indoors  to  70  °F,  reducing  the'  ^ 
thermostat  setting  to  68  °F-can  reduce  the  heat  losses  by,  as  much  as 

2  to  3  percent,  depending  upon  the  location.    For  a  building  with  a  heat 
loss  rate  of  50,000  Btuh,  this  can  mean  a  reduction  of  about  1000. Btuh. 

EFFECTIVENESS  OF  ENERGY  CONSERVATION  MEASURES 

.   '  -  '  •      '     J    .  '■ 

The  effectiveness  of  energy  conservation  measures  is  illustrated 
'through  calculation  of  heat 'losses  "for  a  moderate-sized  .house  as  shown 

in  Figure  17-h    The  hojjse  is  a  simple  tyo-story  building  and  is  to  be 

located  in  a  region  where  the  winter  heating  degree-days  is  6000*  The 
'calculated  heatinq  loads  for  this  example  house  are  listed  in  Ta-ble  17-1 

along  with  basic  variations  in  insulation  and  types  of'doors  and  windows. 

The1, design  aribient  temperature  is  -10'  °F  and  the  indoor  temperature  is  68  °F, 

•  •       ,  '    . S  .'.    ...  . 
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Table  17-1.    Calculated  Heat  Loss' Rates  for 
the  Example  House  (Figure  17-1) 


CEILING. 
INSULATION 

R-> 


R-7 
R-7 

R-7 

c, 

R-7 
R-7- 
-R-7, 
R-7 
R-7 
R-7 


R-3 


R^7 


DOORS 


Solidwood 

,  1,5,  in. 

.Sol  Idwood 
i.5  in. 

Solidwood. 
<~2.0  1n.  . 


Storm  metal 
&  1.5  ir>. 
Solidwood 

Solidwood  • 
1.5  un.- 


Solidwood 
2.0  in.  * 


Storm  metal 
&  1.5  in.  • 
Sol idwood 

Sol idwood 
1.5  in. 


Storm  metal 
&  2.<J  in. 
Solidwood  ^ 

Sol  idwood 
1.5  Tn. 

Solidwood 
1.5  in. 


Storm  metal 
&  1.5  in. 
Sol  Idwood 


WINDOWS  * 

Single  glass 
100*  glass 

4 

Single  glass 
80%  glass 

f  t 

Jingle  glass 
80%.  glass 

Single  glass 

80%  --glass 


Double  insulating 
.Double  glass  80% 
3/16  in.  air  space 

Double  insulating 
Double  glass  80% 
3/16  in.  air  space 

Double  glass  80% 
-Double  insulating 
. 3/16  in.  air  space 


Trlplje  Insulating* 
Triple  glass  80%  < 
1/2  in.  air  space 

Triple  insulation 
Triple  glass  80% 
1/2  in*  air  space 

Single-  gliss 
100%  glass 

Double  insulating 
Double  #glass  8056 
3/16  in.  air  space 


BTUH 

HEAT  LOSS 
68,846 

87,234 
87*Q»  , 


Storm  metal 
&  1.5  in.  ■'• 
Solidwood 


Single  glass 
80*  glass 


ERJC 
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86,98g 

82,077 

81,916 

81,832 

77,605 

77,229 

*  66, 636 
59,867 


Triple  1nsula#ffS*?',  55.149 

Triple.fllass^80* 

1/2  In/air  space 


62,255 


*  15 


16 


-  17 


18 


19 


20 


21 

22 

r23 
24* 

25* 


26 


IALL- 
INSULATION 


R-7 


R-7  _ 


R-7 


R-n 


R-ll 


R-ll 


R-ll 

R-ll 
R-ll 
R-ll 

R-ll 


R-ll 


27  «R-1-1 


CEILING 
.INSULATION 

R-ll 


R-ll 


17-7 

Table  17-1  (continued) 
'  DOORS 


R-ll 


R-ll 


R-ll 


R-ll 


R-ll 

R-19 
R-19 
R-19 

R-19 


R-19 


R-19 


Sol idwood 
1.5  in. 


Storm  metal 
&  l.&*in. 
Sol,1<dwood ' 

Storm  metal 
&  2.0'ln! 
Solldwood 

Sol Idwood 
1.5  in'. 


Stonfi  metal 
&  1.5  in. 
Sol  idwood 

Storm  metal 
&  2.0  in.  • 
Sol idwood 


Storm  metaT 
&  2.0  in. 
Sol idwood 

Solldwood 
L5  in. 

Solldwood 
1.5  in. 

Sol idwood 
1.5  in. 


Sol idwood 

ir&  in. 


Storm  metal 
&  1.5  in.  - 
Sol idwood 


Storm^metal 
.&2.0  U\. 
Solldwood 


WINDOWS 

Double  insulation  s 
Double  gjass  80% 
3/16  ip.  ,arfr~spa.ce  x 

Double  insulating 
Double  9lassB0%_ 
3/16  in.  £TF space"" 

'Triple  insulating' 
Trfple  glass  80% 
1/2  in.  air  space 

Single  glass 
Double  glass  80% 
3/16  in.  air  space 

i 

Double  insulating 
Double  glass  80% 
3/16  in.  air  space 

Double  insulating 
Single  glass  80% 
Emiisivity  =  0.2 
1/2  in.  air  space 

Triple  insulating 
Triple  glBss  80%, 
1/2  .in.  air  space 

Single  glass 
100%  glass 

Single  glass 

80%  glass 

/ 

Double  vnsulating  / 
Double  glass  80% 
" 3/ 16  in,  air  space 

Double  Insulating 
Sirfgle  glass  80% 
Emissivity  =  0.2 
1/2  in.  air  space 

Double  insulating 
Single  glass  80%* 
Emisljvity  8Q* 
1/2  in.  air  space 

Triple  insulating 
•Triple  glass  80%    .  , 
3/16  in.  air  space 


BTUH 

HEAT  LOSS 
57,343 


57,102 
52,496 
58,987 
53,585 
49 i 525 

48,983 

*  * 

53,233 
56,621 
51,464- 

) 

47,534 
-47,288 


46,616 


"  9 
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*  '  0 

Table  17-l,(continuedf  *  - 

*       *  *           •         *  . 

WALL                CEILING  BTUH - 

INSULATION        INSULATION        DOORS             ,  WINDOWS'  HEAT  L0SS. 

 :            '                                  T  .  ;  .*  . 

R_0                 R-M               Wooden  Door  Single  glass  86,303 

1.5  in* '        <     '  100%     glass    . '  r .  » 

R_0' "               R-19                Wooden  Door'  Single  glass.    .  83,915 

•     l."5  in.  100%     glass  § 

>       ■                               ■  "  ■ 

r_7                 R-0-                Wooden  Door  Single  glass  '•  84,698 

'      1.5  in.  100%  glass 

-                      >        -  '  f>*; 

R-ll-               Wooden  Door  '  Single  glass  '64,112,' 

1.5  in.      '    ~~  100%  glass 

'.     R-19                Woodeh  Door  Single  glass  .  61,743 

vl.5  in.    "  •  .  100%"    glass  ( 

-"R-0                 Wooden  Door  "  '  Single  glass  4:  81,165 

1.5' in.           V  "100%    -glass  * 


R-7 
R-7 
R-ll 


R-li'i4  R-7  _      Wooden  Door  Single  gtass  •  ,-63,120 

'    1.5  in.       •  •       100%     glass-  - 


R-ll, 
R-19 
R-19 
R-19 

R-19  R-19 


R-ll-  Wooden  Door  Single  glas§  60,599 

•    1.5  in.        -        100%  glass 


r-0         -       Wooden  Door  '  .  Single 'glass      ,  ..77,748 

*     *       '             1.5  in.  100%  glass 

r_7            ^  »  W°o<ten  Boor'  S'ingle  glass             ...  59,720 

1.5  ih,  100%  glass 

j 

r-11                Wooden  Door  '  Single  glass  57,202 

1.5  in.  100%     glass   •       ;  . 

Wooden' Door  Single  glass  54,838 

1.5  in-  100%  glass 


R-0-  R-0 


Wooden  Door  Single  glass  107,032 

1.5  in.    1  , 100%     glass    *  . 


R1q  r-40-        -.-  Wood  Storm'  Door^    Triple  insulating     >  40,07? 

h.  2.0  in.  1/2'  1n.  air  space 

Solidwood  Doors     &  Storm  windows' 

,  ,        •     ,60%  glass^woqd  sash 

•  — 

Total  Window  Area  =  1,95.42.  Sq.  Ft.  -  t 
Total  Door  Area     =       -98  Sq.  Ft. 

45.°  Pitched  Roof"  .  *  ^   '  \  ■  '  f 

No  Basement  ^ 
W  ■ 
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v       -  Consider-that  the  frasic  design  for  the  house 'includes  R.-7  insulation 
irt  the  walls,  K-ll  insulation  above  the  ceiling,  solid  wood  doors  and  "* 
#    'single  g>ass  windows.    Tljp  basic  design 'condition  is  identified  by  ' 
.  ,    the  boy^  in  Table  17-1,  (line  13),  and  the  calculated  heat  load  vs  62,500  ' 
Btufi  for  the  design  condition.  x. 

1"-  -  .  '     ,     .  ' ^  . 

•f  H     REDUCTION  IN  HEAT  LOSS  RATES  '  •  " 


When  a  double-glazed  window  replaces  the  single-glass  window  \ line  15) 
in  the  example  house, #  the  heat  loss  rate  reduces  from  62,500  Bttih  to 
57,343  Btuh,  which  is  a  reduction-  of  5$160  Btuh.    With  double  glazing  and/.  ■ 
increased  ceiling  insulation  the  heat  loss  rate  reduces ^further  to 

51,460  Btuh  for  ar total  reduction  of  11,040  Btuh  from  the  original  \ 

✓   _  « 

£onditior^    Other  energy  conserving  features  can  be 'compared  from  the^ 
tabulated  values.    The  cost-effectiveness  of  the  energy  conservation^  ' 
measure  is  dependent  upon  energy  cost,- rate  of  energy  casft  increase, 
interest  and  terms  ^f.  the  loan  for  poney  borrowed  to  implerq^ht  the  energy 
conserving  measure,  property  tax  Tf  any,  increase  in  annual  -  insurance 
premium 'and  savings  on  income  tcTxes. 

'  •    '  .      .  v;.  .        '*  * 

-     ENERGY  CONSERVATION  COST  AND  SAVINGS  '  * '  - 

■  * 

'    .      The  methodology.^ for  determining  the  cost  a^td  benefit's  from  investments 
made*in  energy  conservation  pp^ctices  is  presenfcfed.^lfting  the  example  \ 
building,  suppose  that  the  ceiling  insulation  thtck/iess^  is'  increased  ffom 
3  1/2  inches  to  6  inches,  changing  the  k  factor  from  £-11. to  R-19,  and 
the'wall  insulation  is  increased  f  r-om.  R-7  to  R-ll.    This  results  in 
reduction^of  heat  loss  rate  from  62,500   Btuh  (line  13,  Table  17-1)  to 
'     56!621'Btuh  (line  23),  of  5879  Btuh,  (say  5900  Btuh).' 


i7-i  a 


•  The  rfeduction*in  heat  loss"  rate  will-mean  a  reduction  injwnsi^ 
of  energy*    The  amount  of  enengy  saving  is  determined  as!s^llows:  The 
design. beating  temperature  difference  is: 


^TD  =  68°!*-  (-10°F>  =  78°F;«*  ' 
the  design  heat '/load  foY  the  base  ^sign  is  62,500  Btu  pqr^our.  .The  heat 

«  4  ^ 

re'quii^pent' for  degree-day  is:  ^ 


v. 


l 


62 ,500 
78 


x  24  =  19,300  Btu/DD. 


The  reduction  1^ heat' loss  rate  because  of  the  added  insulation  is  ('62,5Q0  - 
$6,621)'x  24/78  =  5879  x  24/78  =  1809  Buffer  DD.  For  a- heating  season  with 
6240  DD,  the  savings  in  energy  is:  .     ^  , 


4 


1809 


A 


240  -  11 .3  mBtu. 


«•  »  0  *  4  _ 

'From  Figure  15-2,  with  electric  resistance  Tieatitjg  at  3^/kWh,'the  heatrng 
cost  is  $8.80  mBtu'.    Thl*annual  dollar  Savings  is:  f 

;     .  ^jMl','3  mBtu  Mioo..  *      .  .       k  / 

Vhvfofa^GOst'&f  insti.latjon  to  effect  a  savfnlfs' of  $100  annually  in  heaft  .  ■  , 
costs  is  determined  a^ follows:  fro  extra  ceil ing- jnsulation  of  3  inches  is/ 

about  $0 ."09/ f i'ncl tid i rtg  installation,  or  0.09x1621  =*$146'(see  Figure  17-1- 

«  v  '      1     *'  -  2  - 

for  ceiling' area)',  and  fpr  the  walls,  the  added  costs  are  about  $0.05/ft  , 

ar\Q.05x  2336  -  $117.  "The  total '-added  cost  for  insulation  is  about.  $263. 

A*  -  r  -  t 

\    \lthough  in  this  example  it  is  readily  seen  that  with  ,$100  ^nnual  energy 

doYt  s&vjtfgs-,  the  added  ,$263, Cost  for  insulation  ^returned  through  fuel 

savings  in  lelss  *than  three  year?,  we  will  continue  through^with  /this^example 

to  illustrate  the  economic  analysis.    Let  us  assume  t Hat  the  money  for 
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■  *  *  ... ':  ■  •  *  ' 

irtsnlating  was  borrowed  at  seven-perceat  interest  ahd*15-year  loan.^  The  f 

,annual  repayment  factor*  from  Figure  15-4  is  0.11*, so  that  the  mortgage 
' payment  Qn  tfie  loan  isT  *  '    .  ^ 


Annual  Mortgage  Payment  =  0.11  x  263— $29/yr 


'*  -    In  addition  to  the  mortgage, -therfe  areproperty  tax 'and  insurance 
to  belaid  at  an  annual  rate  of,  say;  1\5  percent  of;  the  added  cost 

or,  0.015  x  2^  =  $4/year/and  there  are  pavings  on  income  taxes 

•  & 

foe  interest  paid.    Although  the  credit  wilKdgcline,  annually  and  is,  a 
dependent  upon  th&  income  ]e\feT,  of  tj|j^m£owner,'  assume-  that  the1  savings 'on 


inqfljFe  taxes 'balance  the  amount*  for  prcj&rty  tax  and  insurance. 
The  ratio  of  annual  savings  to  aftnual  cbst  is  then: 

*         ^Savings  Factor  (SF)  =  ^f\=  '3.4  ' 

t  increases  ^ the /savings-.f actor  will  increase. 


If' the  energy  cos 


v 


/While  in  th^s -example  the  ratio  of  the  belief  it  in  annual  savings 
to  cost  of  the  added  Jftjrula-tion  is  large,  thefcej|re  some  energy".  : 
conservation^eaTs-wres  where  the  benefit/cost  ratio^niay  beHess  than*  one. 
Obviously  such  energy  conservation  measures  should J^t^.implemerlted. 

i   *  * 

>    '       -.  •  ENERGY ^NSERVA^ON  AND  SOLAR  SYSTEMS,*    ■      :  \ 


To  determine  the  .effect  of  energy 'ronseryiUtian  on  .splar  system  Size, 
an  economic  analysis  must  be  made  on  th6  ^asi^pfV -smaller  annual  • 

•      .  j      >        •       *        •  > 

heating.  lQ.ad, -using  the ''procedure  discussed  inSqodule  '^5.^  We  will^use  the 

*V  "  •  *  ,         *,    .  ' ' .    *  » 

example  house  in  Figure  17-1. and  consider  the  effect  of  energy  conservation 

*  '  • 

with  a  simplified  economic  analysis.*   WittifcR-J  insulation  yi  the  wall* 


* 
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»  * 

and  R-ll  insulation' in  the  ceili-ng,  the  heat  load  is  19,230  Btu/DD. 
•With* 6240  OD  during  the'heating  season,  the  total  heat  fequired  during 
the  season  is,:  •  .    •  ' 

1-9,230  ~  x  6240  DD  -  120   mBttf. ' 

t  < 

A  sol'ar  air  heating  system  with  500  square  feet  of  collector  can  be 
1  reasonably  expected  to  provide  70  percent  of  the  heating  load  for  the    ^  _ 
.assumed  location.  ;Thus,  the  .initial ,cost  with  24/ft?  installed  collector 
area   will  be  $12,000.    Assume  that  a  20-year  Joan  is  secured  at  8 
percent  interest  witn  20  percent ^down  payment.  * 

The  annual  mortgage  payment  on  the  $9,600  loan  is  (.102  x  9600)$979/yr. 
The  annual  operating  cost  for  the  sola/system  is  $60  with  electricity 
at  4<t/kWh.    The  balance. of  the  heat  liad  must  be  provided  by  electricity 
•at  4c/kWh,'  or^U.85  per  m  Btu,  andSt\ilV  cost  $427. annually  to  provide  the 
auxiliary  heat  wVtfu the-  solar  system: 

'  *     •  120  m  Btu  x  (1-0.7)  x  Sjj^fjj.  =  $427/yr. 

Thus  the  first 'year  cost  for  solar  plus  auxiliary,  electric  heat  is  $3866 
with  tbe  downpayment  and^$l466.  wi tho.ut  the  downpayment.  -Maintenance 
•'  cost,  property  tayjnd  insurance  are'  assumed  to  be  offset  by  income 
'  tax  savings.    A  6  percent  inflation  rate  frs  assumed. 

With  the  added  insulation,  the'heat -loss  rate  reduces  to' 18,100  Btu 
per.DD.'"  "rite- total  heat  load  for  a  6000  DD  season  -is: 

^      •   18100  Btu  x  6ooo  DD  =  108.6  m  Btu.  . 
•   •  '  "  DD* 


The*e-are  two  ways^o  view'the  effect  on  the 'solar  system.  One  is  to 
maintain  phe  same,  collector  area  which  will  obviously  provide  greater 
percentage* of  sol^r  contribution  to  total  load ^and  reduction  in  auxiliary 
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energy,  and  the  other  is. to  reduce  the  collector  area'to  provide. about 
the  same  fraction  of  the  total  load  as  befo're,  i.e.,  '70  percent. 

^  * 

NO  REDUCTION  IN  COLLECTOR  AREA--     ,  \ 

With  no  r^ductjion  in  collector  area,  ttiere  should  result  a  reduction 
in  auxiliary  fu<3l,  consumption  by  11.4  m  Btu.    Wi\th  auxiliary  energy 
cost  at  $11.85/m  Btu,  the  tot  a};  cost  of  auxiliary  energy  is:- 


[$427  -  (11.85  x  11. ,4)]  =  $291. 


The  annual  cost  J  or  the  energy  conservation  measure  is  $29  Which  must 

be  added  to  the  annual  solar  and  auxiliary^ energy  costs.  Thus,  the 

annual  costs  are:'         «  •  ,  . 

^      '          :    '    I '     \         *   First  Year   *  First  Year 

-  •    ,* ,  1  .    >  .  -        with  "without  ^ 

-  '*              Downpayment  Downpayment  I 

.Solar  System.  Cost  ^       '     *    $-3379  $  979 


.Operating  Cost*  ,  '  ^.  °  60  60 
^Auxiliary^Energy.Coit,  \     \       291  *  291 


Energy  ConS^Pv^ion  Cost  29«  29' 

,    ;         ;^Tpt,aV  Annual  $3759         i.  .$1359 


Th§  total  annual  cost  with  the^nergy.  conservation  measure  is  less  than 
the  cost  to  heat  tJfye  house  with  the  original  design  by  1167/year. 


REDUCED  COLLECTOR  AREA  .  ;  .  ' 

-    With- reductifln  i^fCatV^d  by  11.4  m  Btu,  it  shotild  be  possible  to 

4  *  •      IT     * '      *  2      *  -  * 

^        reduce  collector*  areaUo  450  f£   and  maintain  70  p*rceat  of  the  annoal 

load.    The  costs  are  as  folfows: 


v 
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$10800 


Solar  System  Cost  ($24x-450  ft  ) 

•  j  -  , 

Dpwn payment'  j 

Annual  Mortgage  Payment 

Operating  CDst 

Auxiliary  Energy" Cost 
(108.6  x  Q.3  x  11.85)  '  *  • 

Energy  Conservation  Cpst^ 

FIRST  YEAR  COST  WITH  D0WNPAYHENT 


5         J  < 

in  y 


$2160 


$881 
54 

t 

386 
29 


■  $3510 

FIRST  YEAR' COST  WITHOUT  DOWNPAYMENT     "  $1350 


'  /Comparison  of  the  annual  .costs  indicates  the  reduction  of  collector 
area  "toi  1.1  -reduce  the  first  year  cost  wi  thrown  payment  by  $249,  and-  . 
by  $9,  not  including  the  downpayment.    A  summary  of  costs  far  solar, 
and  non-solar  systems  is  presented  in  Table  17-2  with  an  inflation  rate 
of  6  percent  applied.       '     '    ^      \  '  . 

The  comparisons  after  15  years-for  savings  with  conservation  Jn  a 
non-solar. system  indicate  that  as  much  as  $2500  might  be  realized  by 
simply  adding  inflation  .at  the  time  of.initial  house  C9nstruction ,  In 
.this  example,  there  is  ^difference  9  f  $2700  after'  15^  years  between  a 
solar  system  with  and  without  energy  conservation  measures ,*  The  difference 
clearly  indicates  that  energy,  conservation  wit|fa_ solar'  system  is  economically 
advantageous.  •  •  •  '  .  f 
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Table  17-2.  *  AnnuaiCost  for  Heating  the^JExamphe  House  1 
<    !  ^ Based  'on  4<i/kWh  Electricity  knd  6%  Inflation  >' 
V    •    '   *  Mtetea{See  text  of  module  for* come utatipn  dfe^ails^ 


3> 

'     NON  50tAR  SYSTEM  "  ' 

/  . 

V  * 

/ 

SOLAR  SYSTI 

YFAP 

'  NO 
CONSERVATION 

'  .  WITH  • 
CONSERVATION 

NO' 

.f  ONSFRVATION 
A  =  500  .ft2 

WITH 
CONSERVATI 
A  =  500  f 

wrnrs 

DN  CONSERVATION 
t2   A  =  450  flf2 

l 

$1422 

$1314 

'  $3866 

$3759 

$3510 

2 

1507 

4  /393 

1495 

1380 

1376 

'  3 

1598. 

/ 1476' 

•  1526 

1402 

.  1404 

4 

1694 

/  1565 

1559  . 

1426 

1  A  O  A 

1434 

'  5 

1795  * 

/  -  1659- 

^  1594 

1451 

1465 

6 

•     1903  / 

1758^- 

1*631 

1478 

*  1499 

t 

7 

•  2017  *j 

•'  "1864 

1670 

1506 

1534 

8 

2138  / 

1976 

i  71 1 

1/11 

1572- 

9 

'2266/ 

2094 

1755 

1567 

16  l-l' 

10 

240?' 

°.  2220 

,    '  1802  r 

.  1601 

1653 

11 

'    ^547  . 

v'  2353 

I  .1851  • 

1637  1 
x  1 

1698 

'12 

2699 

2494 

1903 

..    1674  M 

17^45 

13 

2861 

2644 

1959 

1714 

f  >5 

14 

„    3033  ' 

*  2803 

2018 

-  1757 

>  1848 

15 

'  3215^ 

-  2974 

2080 

■  1802 

\  '  ,    , 1904 

TOTALS  $33(J97 

$30584 

$28420. 

( $25690 

\  .  $26048 

Summary  of  Savings 

* 

Non  Solar  -  No  Conservation 
Non  Solar  -  With  Conservation 
Savings  with  conservation 

"Solar  -  No  Conservation  .  , 
Solar  -  With  Conservation 
Savings  with  Conservation 


$33097 
30584 
f  2513 

$28420 
25690 
$  2730' 
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*     INTRODUCTION •    '  < 

a  ,  * 

Retrofit  in  the  present  context  means  the  adaptation  of  solar- 
systems  to  existing  buildings.    There  are  many  owners  of  residential 
buildings  who^are- experiencing  rising  costs  for  Heating,  and  consequently, 
a  strong  ^interest  is  developing  in  retrofitting  solar  systems  toasting 
structures.    Solar" system  designs  for  existing  buildings  are  fundamentally 
the  Same  as  for  new  'buildings.    However,  there  are  many  factors  concerning 
installation  that  need  to  be  considered  ing'etrofitting;  factojps  that 
are  not  involved  in  new  construction.    These  factors  relate  t;o  the  / 
structural  arVd  mechanical  features  of  existing  buildings  and  to  the  m 
cost  of  installation.    Each  installation  is  a  special 'case  and  generali- 
sations of  problems  art  difficult.    At;  this  stage  in  development  (1976), 
thene  have  not  been  many  retrofit  installations  of  solar  heating^and  cooling 
systems  for  residential  buildings. 

OBJECTIVE 

The  objective  of  this  module  is  to  direct  the  attention  of  trainees, 
to  some  of  the  typical  problems  that  could  be  encountered  in  retrofit^ 
insolations. 

»  GENERAL  CONSIDERATIONS 
INSULATING  EXISTING  BUILDINGS  1 

•  t 

„        Although  fnsufating  a  building  is  not  strictly  a  feature  of  solar  4 
energy  systems,  it  was  shown  in  Module4 17  tha.t  there  is  a  significant 
impact  on'solar  systems  with,  energy  conservation  designs  in  buildings. 

521  « 
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Many  existing  residential  buddings  have  little  or  no  insulation  in  the 
wall's  and  ceilipgs  and  the  heat  loss  rate  is  therefore  large.    If  a 

-solar  system,  is' contemplated,  an  initial  step  is  to  insulate  the  bujlding. 

-  '      If  the  cost  for'adequately  insulating  the  building  is  high,  an  , 
economic  analysis  to  determine  benefits  and  cost  is  recommended. 

"trees  and  landscape     ■  -  .  • 

 '  \ 

«jTtie  availability  of  sunshine  for  the  particular  building  is  of  ~„ 

  t 

prime  importance.    There  are  many  existing  residential"  buildings,  that 
have  been  landscaped  generously  with  trees  for  the  specific  purpose  of 
shading  the  building  and  at  least  some  of 'the  trees  will  have  to  be  , 
removed.-    Although  solar  radjation  will  fil ter^ through  -leaf-less  branches  - 
of  deciduous  tree's  during  the  winter,  the  reduction  in  useful  sunshine 
coulti  greatly  affect  the  system  size  and  performance.    An  alternative  ' 
to  removal  Ts  to  reduce  .the,.heignt,  but  this  will  incite  an  annual  or 
periodic  maintenance  cost  that  is  chargeable  to  the  solar  system. 

,    There  are  many  locations  where  buildings  on  hillsides  are  shaded 
-by  neighboring^tructures.    Solar  systems  for  buildings  that  are  in  shadow 
a  portion  of  the  day  will  necessitate  an  unusual  ^orientation  of  the  collectors 
with  cbnsequlnt  increase  in  collector  area  and. systemjcost. 

DOMESTIC  HOT  WATER  SYSTEM   .         m  .  \ 

T 

'Domestic  Jiot  water  retrofit  systems  are  being  considered  ii*  many  , 

regions'of  the  United  States,    The  types  and  performance  of  solar  hot 

•water  systems  that  are  apprppr-ia^for  retrofit' instellation  are  discussed  • 

in  detail  in  Module  7.    There  is  no  basic  difference  in  system  configura-  # 

tion  for  new  and  retrofit  construction.  I  However,  de^jpding-^on  the  site,  .  . 

COO 


it  may  be  necessary  to  situate  the  coflectors^way  from  the  building.  A 
schematic  arrangement  to  support  collectors  that  are  not  mounted  on  the 
house  is. shown  in  Figure  18-1.   -The  system  is  applicable  for  non-freezing 
climates.    The  hot  water  line  should  be  insulated  however  to  reduce  thermal 

r 

losses  in  tr'anspojrt  frOm  the  preheat  tank  to  the  existing  hot  water  tank. 

No  drains  other  than  the  ones  on  the  v(ater  tanks  are  needed  for  the  system. 

'  ** 

Manual  valves  are  installed  in  the  lines  inside  the  house  to  isolate 
the  solar  system  from  the  conventional*  system.  -  "  ■ 

A  retrofit  solar  domestic  hot  water  heater  in  freezing. cl imates  is 
shown  in  Figure  18-2.    In  freezing  climates,  it  is  advisable  to  locate 
the  preheat  tank  inside  the  building.    There  will  be  greater  l>ne  losses 
in  circulating  water  through  the  collector,  and  provisions  for  drainage  * 
a re. needed. 

The  simplest  arrangement  for  retrofitting  to  e]ectric  resistance 
hot  water  heaters  is  shown  in  Figure  18-3.    The  system  is  discussed  in 
Module  7  and  is  a  system  that  could  be  used*  in  nOn-freeVftig  climates. 

.SPACE  HEATING 
•  s  ^  v  *  ■ 

There  are  several  potential' difficulties  involved  in^prov.iding 
retrofit  solar  space  heating  systems.    These  problems  concern: 
•   1.     Collector  location        /  « 

2.  Equipment  location  x 

3.  Adaptation  to  the' existing  heating  system. 


COLLECTOR  LOCATION  .  '  ^ 

*  Collectors  can  bei  advantageously  mounted  on  the  roof  of  new  buildings 


if  the  weight  of  the  collectors  can  be  supported.    Otherwise-,  collectors 
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jH 


AIR  INLET 
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 <  — 


COLD  WATER 


COLD  SUPPLY 
CONNECTED  FOR 
CONVENTIONAL 
WATER  HEATING 


TO  HOT-  WATER 
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EXISTING  WATER 
HEATER 


*  Figure  18-1.    Retrofit  Solar  Domestic  Hot  Water  Heater, 
Non-Freezing  Climates 
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Figure  18-2.    Retrofit  Solar  Domestic  Hot  Water  Heater, 
Freezing  Climates 
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COLD 


2 


MIXING 
;  VALVE* 


HOT 


Figure  18-3 .    Direct  Heating  Pump  Circulation 

*  * 

will  have  to  be  supported  on  a  sepa raters truc^ure  on  the  ground.  iWjgfr 
construction,  the  roof  pitch  is  set  at  the  desired  collector  tilt  angle 
to  maximize  the  collection  of  solar  energy  for  a  particular  orientation, 


but  in  retrofit  situations,  the  roof  pitch  normally  is  5  on  12;  or  22.6 
fro%m  horizontal.    This  angle  is  too  flat  for  solar  collectors  in  most 
locations  so  a  separate  frame  is  needed  to^mount  the  collectors  at-a, 
more  suitable  angle.    One  possible  arrangement 'is  shown  in  Figure  18-4/ 
The  "add-on"  appearance  of  the  collectors  and  supports  may  be  aesthetically 
unsatisfactory  to  some  home  owners.    When  aesthetics  govern,  either  .the 
entire  roof  must  be  reconstructed  *fq  bl end  'them"  architecturally  ^ith  the. 
building,  or  the  collectors  must  be  placed  at  ground  level'.'  Removal  and'  , 
reconstruction  §re  expensive  and  although  there* may  be  beneficial  effects 
in  the  nenovatfC^  other  than  to  "accommodate  collectors,  the  costs*  will  * 
be  chargeable*  to  the  solar 'system. 
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NEW  COLLECTOR 
SUPPORT  o 


L 


9' 


.Figurg  18-4.  ^^Te&tor  Frame  Supports -on  Roof 


«,  ^         *  When  collectors  cannot  tte  placed  on  the  building  roof,  they  must  be 
placed  at\grouod  ievel  and>fafei^bly  on  the  south' side  adjacent  to  the^ 
-buildings    Placing  collectors  at  grqund  level  offers,  some  advantages  * 
.    and  some  disadvantages.  1  One  advantage  -i£  lower  pumping  head.  Another 


*  .  "fs.  that  piping  afrid% ducting  to  the  collector  banks  are  easiej  to  install 

*'#'»*  • 
■".than- in  the.'atfic  of  ap  exist-imj  gilding  with  a  low-pitched  roof.       "  *- 

Maintenance  of  cohectprs  at  ground  level  is  easier.    The  disadvantages,/  ^ 

are  that  tffe. collector   array  may' offer  .hazards  to  the  occupants,  apd>  r  - 

pTpes  and  ducts  are  inoinheated  areas  or  exposed  to  tjie. outside  air.  Insu- 

lotion  around  pipes  and  ducts  must%be  thick  to  reduce  he^at  losses. 

.    The.lotatTpn-of  equipment  needed  for  solar  heating  and  cooling  systems 

may  &ffer  di^fi (Jul ties  for  some  retrofit  installations-.    The  bulkiest' 


equipnj^nt^thaj: 


installed  is  the  storage  -tank  foi^a  hydronic 


system  and /a  rock  bed  for- an.  air  system.    The  most,  easi 


cessTJble 


. /area  in.  the  building  Ms  at  ground  floor  level     However,  ground  .floor 
spJte«**;j$  -expensive  v£omD3*red  to,  com]5aj 


ifrgS  : expensive  v£omp^red  to,  comparable  space  ^n  the  basement  or  gara'ge. 


The  fabrication  of  storage  tiflks  a^d  rock  boxes"  in  basements,,  or  ■ 

*   *  '%  « 4j  « 

placing  of  rocks  in  storage^e  restrictive  activities*  i*n  retrofit 

4  &  .  "  • 

^installations*  -The  w.aHs  of  rock  'bed'storage'cfcnteiners  can  be  fabricated 

relatively  easily,  but  fabricating  timks  for  water  #*!^e  cpu^d  be  more* 

difficult..  Tanks  may#>e  fabricated\irvside  by  either  weTding  or  bolting 

.sections  together,  and  i?  bolted  tanks  are  us^d,  neoprene  or^butyl  rubber 

•         *  j       \  .  *  » 

lining  is  recommended  to  prevent  J  eaks  ^fTom  'fchte-  bol  ted  seams./*      ,*  * 


Locating  the  storage1  tank  or  rock  bed  in  the  garage  offer§  the  ? 
*  simplest  jns-tal^atipn  for  retrofit  .situations.    Adaptation  to  the 

existing  heating  systeft.with  tf\e  storage  tank  in  the  garage  may  require, 
'longer  pipes  and  ducts  than  jf  *s  to  rage  were  located  insi<ft^tb*e  building. 

The  biggest  dtsadVa/$?ge  with  storage'  located  in  the  garage  is  that  the  t 

heat  loss  from/storage  is  not  re©oveVed  as  useful  heat  in  the  building 

"  -        .  -  **   *  * 

enclosure,.    -  <         '        ;  %     ^*  /  * 

*     It  is-  recommended  that  heat  ^xWtengers  and  pumps  b£  1  oca-ted  close  „ 

to  the  Storage  tanx'/of  hydrQnic  systems  .-tjt  minnmize  head  losses,  and ^ 

economize  or  space.  '  The  appurt^nSnt  e^uipmer\^ch  as  pjnps  asnd  heat  ^ 

exchangers  will  not -occupy  much  space.;  Maintenafiqe.wi'VFalso'.^e  facilitated 

if  all' of  the  equipment  is  locatMl  fn  one"  place,  j  *"  - 

•  V  -    <  ' r  r.    -  '  ^ 

ADAPTATION  TO  txTSTING  HEATING  EQUIPMENT  '  ' 

J  "The  solar  heating  and  costing  &ys La^dis cussed  -in  this  manual*  are 
fc  —  •  •  •      '  * 


for  central  air  distribution  systems.    Adaoiation,  of  soH^ systems  to 
*  existing  buildings  is  likewise  facilitated  if  a^eeg^^ld i s t r i btiti on^sys terfl 

exi^s.    While  baseboard  heating  systems  are  pr€vajent  in  many  non)- 

•     j        /        *         '  ; 

so'Ur  hyd£Qnfc  -Systems ,  flat-pTate  collectors  'will  not  function  well       .  , 


with^uch  systems.  Fan  coil  units  .-are  recommended  for  such  retrofit 
instal lations .  *  '  .  •  ^> 


..  •  9-  -  y 

A  difficulty .iri  adapting  to  an  existing, air-heating  sysjtem  is 
,  illustrated  in  Figure  18-5,    Usually,  the  blower  is  an  integral  part 
.  -  of  a  furnace.  ^The  heating  element,  whether  fuej-fired  or  electric, 

.is  couplVd  to  ttfe  blower..  The  .controls  must^  be  arranged  so  that  the.  blower 
*  *is  independent  of  the  heat  unit.  -  Whether  the  blower  *is  after-the  heating 
'ctfilV^s  shown  in  Figure  18-5,  ,or  before, it  would  not  matteV\  particularly 
N"  if  the  motor  to -drive  the  Mower  is.  outside  the  duct.    The  location  of  - 
the  water-to-air  heating  coil  is  dependent  upon  the  existing  duct 
^arrangement. 


.An  air  solar  system  migjjt  JH|rra*ged  as  shown  in  Figure  18-6. 


A  two-blower  system  is  most  s&itaMe  for  retrofit  install  a  t^ns .  The 
&  •  ■  ' 

exj sting  blower  will  have  to  be  decoupled  from  the  heating  element 

;  control  as  discussed  befoYe  and  the  dajnpers  shown  in  the  figure  will 
**  *  « 

control  the  different  modes  of  operation.  ■ 
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Figure  18-5.    Hydremic  Solar  System  for  Retrofit  Installation 
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Figure  18-6..  Air-Heating  Solar  System  for  Retrofit  Installation 
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INTRODUCTION 


The  Scheduling  of  sequential  and  concurrent  activities  for  Instal- 
ling solar  heating  and/or  cooling  systems  durTffg  new  home  construction 
depends  upon  the  type  of  sy stent  to  be  fnstalted.    Undoubtedly,  standard 
or  simpl  if iyed*  critical  path  schedules  are  used  .only  for  larger  construc- 
tion projects.    Nevertheless,  two  example  schedule>^)r  constructing 
typical  homes  will  be  followed  in  this  module  to  trace  the  sequences  of 
installing  solar  system^  in- new  home  construction.    If  attention  is^not 
given  to  the  sequence  of  assembly,  unnecessarily  difficult  situatior^ 
could  'resul  t,  with  consequent  increase  in  t^ie  total  costs  for  the  build- 
ing  cons'truction. 


OBJECTIVE 


The  objective  in  this,  module  is  to  familiarize  trainees  with  the 

»  ■  -  - 

important  sequence^  for  installation  of  solar  systems  in  new*4home  - 

construction.  *     .  4  *  * 

•  •  •/  * 


CONSTRUCTION  SCHEDULE  FOR  A  TYPICAL  HOME  WITH 
AN  AIR-HEATING  SOLAR  SYSTEM-     *'  " 


PART  1,  ROCK- BED  STORAGE  -  ,/ 

The  initial  s^eps  in  the  construction  of  a* home  w-ith.-ah* air-heating 
solar  system  are  shown  in* F'igure_19-1 .    The  building  cohtains  a  basement 
in  this  example,  and  the  principal  solar  system  component  included  iji 
this  phase  is  a.  storage  unit. located  in  the  basement.    The  activities  *x 
concerning  the  pebble-bed  storage  unit  are  identified  by  heavy  lines  fro/n 
4  to  6,  6  to  8,  6  to  9,  9'  to  11 ,  and  10  to  11.  '  » 


/ 
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 ► 


Figure  19-1.    Part  1'-  Pebble-Bed  Storage  Fabrication* 

v 

The  structural  base  for  the  rock-bed^storage  unit  should  be  con-  4 
structed  during  the  foundation* work  bf  the  building/   The  concrete  base 
should  be  scheduled  .for  pouring  along  with  the' concrete  footings.  If 
the  storag^  container  walls  are  to  be"  concrete^  the  rock  bed  can  be 
located  in. the  .corner  of  the  basement  to  utilize  gommon  wal\sr.    If  the 
*  .  container  is  to  be  fabricated  of  wood,  the*  walls  and^insula>ion  can  be 
constructed  prior  to  placement J)f  the  floor  girders  and  joists. 

The  placement  of  temperature  sensory  for  the  control  system  and, 
if  desired,  for  monitoring  purposes,  is  a  simultaneous  activity  with 
the  filling  of  the  rock  bin.    It  is  not' practical  to  install  sensors 
after  the  gravel  hjfceen  placed  in  the  bin..  • 


PART  2,  COLLECTOR  SUPPORTS  ' 

The  support  structure  fpr  'sol  ar' col  lector  modules  or  panels  may, be 

the  vertical  wall  }of  the  building  or  the  roof  trusses  or  rafters.  The 

>  j  / 

schedule ^iii^Figure^^^asspmes  th^collettors^are  to  be  placed  on  the 
rodf,  but  may  t>erevised  as  necessary  for  attachment  to  the  external 
wall.    Tha  spacing  between  roof  trusses,  or  wall  studs,  shpuld:be  4 
convenient  for  the  typtf  of  collector  to  bre' used  i/i  the  solar  system.  ^* 
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Sheathe 
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Subfloor  ^  -Walls 
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Set  Roof  | 
Trusses        i    Scathe  # 
on  Rafters^^j^Roit  »@. 


Roof 
Felt 


Hgure  19-2.^  Pa'rt  2  -  Collector  Support  Construction  •       '  * 

Unnecessary  consUm^ioriW  t*me  in  mounting  collectors  cefn  be  avoided' 
with  forethought  given  td  convenient  placement  of  purlins  and  na'iLers. 
'There  must.be,  space  provided  for  manffold  air  ducts  which  will  cross  the 
roof  trusses.    The  rooT  trusses 'should  be  made  up  of  cross-pieces  that  v 
will  "support  the*  ducts .  - 

The  manifold  which  del  ivers  air  from  the  collector -to  storage -is 
usually  installed  near  the  ridge  of  the  roof.    There  should  be  sufficier?t 
space  available  to  facilitate  duct  installations.    Supports  .for  collectors 
on  flat 'roofs*  can  be  an  integral  pafrt  of*the  rafters ,  or  the  collector- 
supports "can  be  mounted  above  the  finished  roof. 


PART  3,  -INSTALLATION  QF  COLLECTORS,  PIPING,      -  " 
}         AND  CONTROL  PANEL  ~  ' 

Installation  of  collector  modules  can  be  scheduled  simultaneously 

j-*with  the  roofing  and  flashing.    The  collectors,  in  most  instances,  will 

replace  the  rbofing,  and  s"hould'be  renderedt  water-tight  with  cap  strips  \ 

between  collator  modules  and  flashing  along  the  top,  bottom,  and  sides 

^pof  the  collector  array. 

For  heavy-collector  modules,  a  mechanical  hoist  sirch  as  a  fork  lift 

may  he  needed  for  installation.    Although  detailed  instructions  ma/  be 
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Figure  19-3.    Part  3  -/  Collector,  Heat  Exchanger,  and 
Control  Panel  'Installation 


provided  by  the  manufacturer  for  assembly  ^f  collector  modules,  consider- 
able  attention  should  be  given  to  effect  ai r- tight' joints  at  all  duct 
connections.    Air  leakage  into  the .collector  array  can  cause  loss  of 
heat  from  the  system. 

Piping  to  the  air-water  heat  exchanger  may -be  scheduled  with  the  . 
other  building  plumbing.    All  pipes  should  be  leak-tested  along  with  the 
other  pipe  joints. 

If  t*e  control  panel  for  the  solar  system  is  a  separate  unit,  the 
installation  can' be  scheduled  with  the  other -rough  electrical  work. 
The  control  panel  should  be-  located  close  to  the  solar  system  for  con- 
venience.'  * 


'PART  4,  INSULATION- 
•     Insulation  on  piping  and  ducts  can  be  applied  following  leak-tests. 
Insulation  should  cover  valves  as  well  as  the  piping.    Loosely  wrapped 
insulation  may  allow  air  circulation  and  therefore  is  not  effective,  but 
tightly  wrapped  insulation  reduces  the  thickness,  without/ decreasing 
conductivity,  ancf.4s  therefore  poor  practice.    All  ducts  and  pipes, 
whether  they  are  flexible  or  rigid,  should  be  insulated. 
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Figure  19*t4.    Part  4  -  Application  of  Insulation 
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PART  5,  PREHEAT  TAN  K  A  NSTALL  AT  I  ON     •    ■  '  •  ' 

After  the  intefior'of  the  building  has  been  completed, 'the  preheat 
tank  and  domestic  hot  water  tank  can  be  installed  and  the  plumbing, 
finished- *  Insulation  around  the  piping  is  recommended  to /reduce  heat 
losses.    While  the  appliances  are  being  installed,  the  electrical  work 
can  also  be  completed. 


Drywall       *  Finish 
^  or  Plaster   '  Flooring 
(43)  


Cabinets'  Preheat 
and  *  Jank- 

Vanities  DHW  Tank 


Interior 
Finish 
^Carpentry 
MgP^  


I 


I 


I   Finish-  - 
Plumbing 


Install 
Appl iances 


Interior 
decoration 


j*uecoration 


Finish 
Electrical 


External 


QVnal       .Gutters  and      External         Final;  Grade 


Bfxtern. 
^Raint* 


Figure  19-5.    Part  5  -  Preheat  Tank  Installation 


PART  6,  FINISH  THE  HEATING  SYSTEM  AND 
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'  Figure  19-6.    Part  6  -  Fini^shirfg  arid  Final  Inspection  • 


After- the  completed  installation,  the  system  shouVd  be  tested   m       '  ^ 

s  using  a  check  list  similar  to  the  one  included  in  Module  12  of  thfs  k 

manual.    The  motorized  damper  mechanisms  should  be  given  particular 

attention.    If -dampers  do  not  close  firmly,  there  will  be  leaks  into 

the  flow  loop,  and  when  cold  air  is  mixed  with. th§  warm  air,  considerable^ 

temperature  degradation  can  take  place.    Although  heat  may  not  be  lost  y, 
•  .> 

from  the  system,  lowered  a^j r  'temperatures'  carr-etfuse  the  auxiliary  furnace 
to  operate  a  larger  portion  of  the  time.    A  check  of  the  system  and  in 


in  operSrtit 


particular  the  dampers  is  advisable  after  the  system  has  teen  in  operation 
for  a  short  period  of  t4^ne.  ,  ^  -  4 

CONSTRUCTION  SCHEDULE  FOR  A  TYPICAL  HOME  WITH 
A  TYPICAL,  LIQUID-HEATING  SOLAB^SYSTEM 

*       *  t  • 

PART  J ,  WATER  STORAGE  TANK  -  i 

The  structural  ba'sl  for  the  thermal' storage  unit  is  provided  when 
the  concrete  is  poured  for  the  footings.    The  storage  requires  a  thicker 
concrete  slab  than  the  tiormal  four  inches  poured  for  basement-floors. 


Storage  ^ 
Structural  Base  . 

 :  7*§ 
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Pennits 

pees  Site  Excavate   l.irencnror      concrete  ,   easement  -  oLuiaye 


,  Trench  for     Cohcrete  !'  Basement:^  Storage* 


Pour        !  :  Place 


Figiire "  1 9-7 /    Part  1  -  StSrage  Tank  Foundation 
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Tanks  are  normally  prefabricated -and  when  located  in  basements  they^ 
should  bg  placed  von  the  base  before  the  floor  girders  are  assembled. 


•  The  storage  t<5tt^^oul-fl  be  provided  "with,  appropriate  commotions  fdr 
pipes  and  .the  controrsensor,  a'nd  any  Kflhtsction  located the  base  of 
the  tank  should  be  attached  'before  the  tank  is  placed  on  the  basev* 
Depending  upon*  the  tjfpe-oY'  storage  tank, -the  bottom 'insulation,  should 
be  installed  before  placement  to  eliminate  extra  work  at  §  later  time 

*  '£o- insulate  the  tank. 
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PART  2,  COLtECTQ^SUPPORTS 
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Figure* 19 


Part  2  -  Fabricate  Collector  £uppor;t 
f  .  <    /  ' 

fformfolly  the*  rafters  are  the  .supports *for.  the  collector  ^^^5  ^ - '  * 
v  rtowev^r,"  special  Supports  may  be  required  for ;£ome  installations.  When 
*  rafters  are  to  support  the  coll^ors  directly  ,\somepreplanning  will 
*reduce*>the  labor  costs  to  assemble  and  seci/re  lectors,  jjarttcylarly 

4f  the  collectors  are.  ^Bpporl^'betwefri  -  the  rafters.  (  Normally  .collectors  1 


ave  moun 


ted  on  jhywood  sheathing  and  tjje  collectors  are^ecured  by  bolts 


through  the  .plywood. 


,  Pipe  ma 


nifdlds\ree  normally  plaeed^aloAg^the  ridge  arrfJ  eave  of  the 


^roof.  Provisions  for  easy  access,*  not  ortfy  for  install atibn,  but  also-  for 
'"maintenance  should  be  provided.    Replacement  of-flexible  connections 


between* the  collector  panels  and  the  jn&riifold      a  common  maintenance 


itei^and,  although  fej^ement  13  simple,  it  cari  be  made  difficult' with 
restrictivettacce^^a>ticu1ar1y^the  ypper  manifold,''.- 

.  Collectors  mounted  -on  f]at  roofs  -will  require  supports  for  tilti 
the  collectors:,.  The  supports  should  be,  secured  to  the  rafters,and  open  0 
collector  supporfsshould  be  closed  in  to  pt»eveTi.i*  wiftd  drag9  and  snow 
'drifting,  both  df' which  will  add  extra  Toads" on-1 


PART  3,  COLLECTOR  INSTALLATION  AND  PIPING      "  '  X 
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•  1         1         m     -  r 


»      \  \  Storage         ,  . 

I  Roofing         .  Leak-Test  Storage 


"    *  .  *         j    Frame  .       •  ,  .  ■  •  * 

'  ;rtlf     I  '  Jnteri?r       1  *         Plumbing,    .  ftasement 


i  -  i    ■  A.  i 

I  Piping  to       (  teak-Test  of   i  * 
%  *  i  Equipment      .  Collector 


,  Collector afid  *  •  .'r£, 

.    Heat  Transport  Heat  .  , 

%  .  .  Piping,  Pumps  '  Transport  1 

AValvoI.etcyA  Leak-Test, 


I 


i  Heat  j 

,  .-'Exchanger,   ■  Exchanger 


Figure  19-9.    Part  3  -  Co41ettor  Installation  and"'Pipi,ng 


'4 


1  T  '  '  t 

■a? 


?  *r   *  ■  '  .  • 

Collectors  should" be  carefully  inspected 'before  installation.  / 
Broken  glass,  improper  seals,,  absorber  plate- conditions,  and  Jbad  plumb- 
ing fittings  are  easy  to  identify.    There  is  an  advantage  in  placing 
liquid, collectors  tightly  together  side-by-5tcfe:  to  minimize  side  heat 
3osseS^ronv  each 'col lector  module.*  When  this  cannot  be  done,  insulation  . 
i.  ^between  'the  collector  modules  should  be  used  to  reduce  the  side  heat 
'  *  losses.    The-  manifolds  should  be  connected  to  the  collectors'  the 
'/modules  are  installed  to  facilitate  the  connections.    Although"  flexible  ,  Nv 
ct>nnections  will  probably  be  used  in  most  installations,  the  misalign- 

ment  of  a  few  collector  modu-le's  can  be  cumufative, and  even  flexible 

.  •  i  - 

hoses- may  become  difficult  to  install  if  the  collectors  and  "manifold  •  •  • 

\  m 

'    piping  are  not  aligned  properly.  '  ^         ^    ^  ^ 

*       **  *  • 

The  rough  plumbTng  for  the  house  and  solar  system  can  be  scheduled  '  t 

.  simultaneously  and,. after  placement  of  the  control  sensors,  the  various 

'  pipe  loops  can'- be  Teak-tested.    A  filter  unit,  all  the  valves,  the -heat  - 

..  K  *     %         ■.    -'      :-  '     •''  - 

-  '  exchanged,  pumps,  and  an  expansion  tank  shouTd.be  installed  .in  the 


collector  loop.  •.  "  .  .*•»♦•  >  "' 

^he'Vont^ol^.temperatufe  sensoKs  can  be  installed  in  the  storage  tan* 
and  the  collector  outlet  pipe  manifold  either  before  or  after  the-leakK 


■  tests. 


<:   PART  4,  INSULATION  AND  AUXILIARY  BOILER"  t>_ 
'  \  f .    The  pipes  in  -tTie  solalillft/stem  should  be.  insulated  to  minimize  heat 

•loss,  and  tffe  insulating  must 'be  .done  before  drywalliiig.  *  The  storage 

- "       •  •  *,•"*«  ,  .     >        ,  t 

tank,  heat  exchanger,  arid  the  expansion  tank,  as  well  as  the  valves, 

>sh"ou-ld  be  well  insulated.-    :    '  ' 
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Ffgnre  19-10-   Part  4  -  Insulatlon  'and  Auxiliary  Bo'ilcfr        ■  f 


PART  k.'.PREhEAp  TANK  AND  CONTROL  WIRING  -  *  '  .  *    /  .  :  ^ 

•       '    '*  jf  '      r__r  ■"  :'>  ^:  "  - 

'    •  -  * .    .  *  ?'          •  * 

>    Exterior      'Exterior,     Gutters  and     Exterior  Final  Grade  _       y  ■.  # 

Trim'       ^  Paint__^Dp^£^  Landscape  .  ,  __  


Z*1LJ1!1  ,feV"V-  >(59 


e-  -k       .  Rtalsh0!'      Finish        'interior  "  "Finish       '  '  Finish       '  Pun$hHst     Final      ,  *  . 


;         I  •      I.        >        I       .  I.  • 

'I  I  I'  I  % 

'    v  !  Cabi-nets*       Preheat aad    Control'        Install       .  \ 
'-,  A-andVanity^DHW  Tank^Electr>ca|^PJjanc^         ^  , 

Figure  19-11.  -Part  5  -  Preheat, Tank  and  Control  Connectio.ns 


*    hhe  preheat  tank  and  control  panel  wiring  are  the  final,  items  of 


•installation  for  the^solar  system.  It  N's  recommended  that  initial  ^ tests,  ^ 
-be  jjj&de/  of  the  solar  system  and  final  in-spection  andt  tests' be  made  after'  • 
a  short  period  of  operation.     ^       %\      #  •>'.♦ 
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.  q  INTRODUCTION 

•   *  : 

.  t    There  are  several  significant  "barrfers"  to  widespread  application. 
♦  •of  £61 ar  energy  systems  in  homes,  %nd  there  are  a  few  incentives  that 
could  be  createCto  induc'e  greater  use.  .  The  greatest >barrifer  to  solar 
'-system  utilization '  is  the  lac.k  of  understanding  of  solar  heating  and  * 
cooling  systems  among*  homeowners,  contractors,  engineer^,  architects, 
ahd-  others  on  the  home  building  industry.  .This  course  is  intended  to 
overcome" some  of  the  lack  in  k^owledg^bpirt  solar  systems.  First-cost 

/of  systems  -is  another' barrier,  but  understanding  the  economics  of  solar 

•  *  * 

"systems,  and  the  rising  cost*  f<?r  fuel,  will  assist  in  overcoming  this 
farrier.    Among  the  greatest  incentives  for  homeowners  to  install  solar 
systems  is  to  provide  substantial  credit  against  first  cost.    The  credits 
can  be "for  income  and  property  "taxes .    These  and  other  barriers  and 
'.'iflcehti^es  are  discussed  in  this  module.  % 

i 

6         '  * 

v  *         OBJECTIVE  '  .  v     '  ' 


•  Tf£e  .pbjectfive  of  the  trainee  .is  -to  "recognize  the  barriers  and_, 
ificenjtitfes  -for  installation  of  solar  heating  and  cooling  systems  in^ 
residential  buildings.      4  - 

v  •  v.-  -    * .        *  ~   .  * 

'    y       LACK  OF  UNDERSTANDING  ^- 

p»  ; :     »  *     *  *  *  « 

\  '    Unless,  the  homeowner  is  a  technically  oriented  individual,  the 


•  #potentfial  cuspxher  for  a  sol ar^heating  system  is  likely  to  Ifflrte  jittle' 
basic  understating  of  a  solar  heating  and  cooling  system.    The  building 
*  tontrqctor,  #or  HUAC  installer,    is  given  the  responsibility  of  explaining 


*  20-2 

the  system;  the  components,  and  the  performance  of  systems  as  compared 
to  standard  Seating  and  cooling  methods.    The  Knowledge  gained  from  this 
course  can  be  used  effectively  by  the  trainees  to  explain  th£  kinds  of 
solar  systems  available  and  the  probable  performance  of  the  systems  in 
residential  buildings.  - 

The  contractor  should ^plain  the  economic  aspects  of  solar  heatfng 
and  cooling  systems  —  that,  despite  high  first  cost,  the  cumulative  costs 
after  10  or  more  years  will  favor,  the  solar  system.   *it  should.  be  empha- 
sized that  a  solar  system  can  provide  the  major  fraction  of  the  annual 
heat  load,  and  an  auxiliary  unit  is  needed,*but  the  energy  consumption  - 
and  costs  are  substantially  reduced.  ? 

\ 

/  ,  * 

•  * 

INSTITUTIONAL  CONSTRAINTS  - 

Solar  Seating  and  cooling  systems  are  new  to  theJegal,  financial, 
and  insurance  institutions  -and  face  jexi sting  and,  perhaps,  new  institu- 
tional  'constraints*.  -  Fortunately,  there* are  few  barriers  established  to 
constrain  installation  of  solar  systems,  but  characteristically 'laws  arev 
written  after  problems- occur,  financial  policies  a£e  developed  after  m 
experience  is  rfained,^  and  insurance  rates  are  bas'edon  risk  factors  and 
.probabil i ties . 

LEGAL  V  ;   '  '    '      '  I    '  '      ..  ' 

Access, to  Sunlight  v 

■  An  important  ^pect.o'f  solar  systems  is  continued  access Uo  sun-- 
*  light..  While  zoning  can  be  effective,  it-i^not  a  guarantee,  to  continued 
access  to  sun light  because  zoning  can  change.    A  high-rise  building  on  ■ 
the*  south'  side  of  a  residence  \rith  a  solar  system  can.  be  devastating. 


% 

<  * 

Even  if  the  problem  of  shading  by  other  structures^ s- a voided,  shadows 

cast  by  the  neighbors'  tal 1'  trees  can  be  a  serious  problem.    At  present,* 

the  own§r  of  an  adjacent  lot,  can  plant  any . tree  he  wishes,  except  if 

the  height  may  interfere  with  utility  lines.    The  concept  of  a  solar 
*  *  -  1  • 

.  .  % 

easement  has  some  merit,  but  has  not  been  enacted  anywhere  at "this  time. 
Land  Use  and  Zoning  .  "  •    -  55  *  *  ? 

 '   *  s  '      ,  *     *  •  '  '  « 

Land  use  legislation  and  zohing  restrictions  can  restrict  the  use- 
fulness  of  solar  energy  systems  by  regulating  the  placement  of  collectors. 

!  v 

On  the  other  hand,  regulations  can  also  encourage  the  use  of  solan  systems- 

requiring  street  layouts  to  maximize  solar  energy  usfe.  Restrictive 
regulations  regarding  architectural  style  or  materials  of  construction 
should  be  scrutinized..  It  is  difficult,  for  instance,  to  build  a  splar 
house'in  a  subdivision  that  allows  only  shake  shingle  roofs.  Likewise, 
a  restriction  on  the  orientation  of  a  building  on  the  lot  could  hamper 
the  collector  orientation. 

.Building  Cbdes  -7 -  :  . '  ' 

There  are  virtually  no  building  codes  siruthe  United  States  Which  'deal 
specifically  with  solar  heatirig^sy^tems  or  components  thereof.  Some 
efforts  toward  establishment ^of  specific  codes  have  been  started,  but 
until  criteria  and  standards  ftave  been  set  by  national  agencies,  the 

*  9  V.  # 

information,, on  which'  local  authorities  must  base  their  codes  for  solar  ^ 
equipment  is  not  available. 

ffost  building  codes-,  however,. have  provisions  which  can  be  applied 

^  to  sdlar  heating  equipment  as.  part  of  the  structural  and  heating  compo- 

y  •  -  :  . 

nents  of  a  building;    Requirements  as  to  roof  load  capability,  Structural 

integrity,  flammabil  ity  of  material,  vfentila^iorv  requirements,'  and.  so  on, 

hav^  restrictive  as  well  as  proscri^tive  influence* on  solar^eqi(ipment . 

o  '  ,        '•  ■         '546         -  * 

".eric  ;•   •      •     ■       ,     •  .      .  ..  . .  • . 


It  is  therefore  necessary  for  an  install ero and  owner  of  a  solar  heating 
system  to  comply  with  such  terms  in  the  local  codes*    In  turn,  the  manu- 
facturer  will  be  required  to  conform  if  his  hardware  is  to  be  sold  and 
used  in  a  particular  area.    For  example,  if  a  local  code  requires 
Underwriters  Laboratory  certification  on  heating  units  in  a  building, 
the  manufacturer  and  installer  Wbuld  be'required.to  use  only  such  equip- 
ment -in  the  solar  systeirt^f  *  * 
*      To  the  prtfcent  time,  building  inspectors  appear  to  have- encountered 
no  serious  problems  in  approving  solar  heating  installations.  With 
probably  over  a  thousand  solar  heating  systems  in  the  United  States, 
it  is  evident,- that^the  lack  of-specific  codes  on  solar  heating  equipment 
has  not  significantly  deterred  its  use. 

Since  a  ful 1-capacity  conventional  heat  supply  is  -required  in 
practically  all-areas  where  building  codes  apply,  there  is  no^appreciablf 
danger  that  a  solar  heating  system  would- fail  to  keep, a  building  at  a 
comfortable  and  safe  temperature.    Even  if  the  efficiency  of.  a  solar  . 
Vieatmg  system  is  far  less  than  expected,  a  code  authority  could  still 
approve  such  a  system  without  transgressing  code  requirements. 

'     As  a  general  rule,  an  owner  or  contractor  planning  to  install  a 
solar  heating  system  should  contact  the  local  building  inspector  prior 
to  the  expenditure  of  major  effort  on  the  project  in  order  that  any 
questions  which  may  relate  to  compliance  with  the  code  could  be  resolved 
in  advance.    If  a  particular  solar  heating  system  or  component  clearly^- 
'^violated  a  code  requirement, -a  change  to  ,some  other  type  of  hardware  . 
could  be  mad<*  prior  to  expenditure  of  significant  funds  on  'a  system 
which  would  not  be  acceptable.  ^.  ,  ( 
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FINANCIAL     *  "  / 

Financing  is  available  for  solar  systems  from  a  few  lending  insja- . 

tutions.    Because  information  about  system  performance,  reliability,  and 

life  times  is  meager,  many  savings  and  loan  companies  do  not  have 

established  policies.    Some  loan  money  for  the  entire* buil ding  project, 

les/  the  down  payment,  purely  on 'the  ability  to  pay  the  mortgage.  Others 

r/strict  lo?ns  to  projects  that  include  approved  solar  systems,  and 
f  * 
still  others  loan  money  only  on 'the  basi£,of  the  type  of  auxiliary  unit  - 

I  that -is  used  in  the  solar  system,^  If  loan  companies  provide  financing 

only  for  the  building,  and  not  for  the  solar  system,  there  is  a  financial 

barrier  to  installing  solar  systems. 


INSURANCE 

'  InsQrance^companies  have  shown  no  reluctance  to  insure  solar  houses 
at  rates  comparable^  other  houses.    There  has  not  been  sufficient 
experience  to  change  the  insurance  rates  for  solar  houses  from  non-solar 
homes.  '  v  *  ^ 

-       9  INCENTIVES 


The  greatest  incentive  for  solar  heating  systems  is  the  rising 
energy  cost  and  the  lack  of  alternatives  to  electricity  for  heating.  - 
Other  incentives  are  being,  created  in  the  form  of  tax  relief.  For 
example,  several  .states  have  reduced  or  eTiminated  the  property  tax 
assessment  on  new  solar  systems  and  a  few  states  have  provided- deduc- 
tions  on  state  income  tax  returns  for  owners  of  solar  heating  systems 

■  * 

fn  their  homes. 


f 


■    :   .  '         2Q-6    i  •  ^    .      1  . 

>  ■ 

"  "  REFERENCES 

!•     A.i>  Conditioning,  Heating,  and  Refrigeration  News,  "Solar  Heating 
Devices  Code  Adopted  in  Florida",  August"  11,  1975. 

.  •    <.  ?  •  : . 

2.  City  of.,C<5lorado  Springs,  Phoenix  Project,  Chapter  XI-,' "Identifica-'. 
tion  of  Applicable  Building  Codes"  (exact- titTe 'of  report  is  not  " 
available,  Report  NSF-RA-N-75078,.  National,  Science  Foundation)/  ; 

-3.     Engineering  News  Report,  Code  Bodies  Stall  in^Energy  Standard, 
January  8,  1976.  - 

-  4.     Frieling,  D.H.,  Fischer,  R.D.,  Y^no,  R.A.,  and  Eibling,  J.A.,  A 

Critical  Review  and  Analysis  of  the  Ad/anced  Research  Implications  -1 
of  the  Phase  0  Program  Results  on  Solar  Heating  and  Cooling  of 
Buildings,  March  31,  1975,  NSF/RANN/SE/AER/742436/FR/75/1 ,  The  • 
EneVgy  Research  and  Development  Administration,  Division -of  Solar 
Energy. 

5.  Johnson,  A.G.,  Solar  Heating  and  Cooling  of  Buildings  -  Institutional 
Considerations,  M74-62,  June  1974.    The*  MITRE  Corporation,  1820 
Dolley  Madison  Blvd.,  McLean,  VA.         *  ,  '  ^ 

6.  Southern  Building,  ASTM  'Forms  'New  Subcgmmittee  on  Solar  Energy 
/  .  "Utilization,  December  1975  -  January  1976. 

7.  Strattonr  Sandy,  Energy  Conservation  in  Buildings  -  Ma-k*ng  Our 
Limited  Resources  Last.    The, 'Building  Official;  and  Code  Administra- 
tion,  April  1975.  *  , 

8.  Teem,  Dr.  John  M.,  Standards:  Groundwork- for  a'  Growing  ^Sbl a r 
Industry,  Speech  presented  at  National .Conference  on  Standards  for 

J  Solar  Heating  and*  Cooling,  Philadelphia,  ^A, October  T5,  1975. 

•  v 

9.  Thomas,^ W. A.  and:  ^pbbins,  R.L.,  Solar  Energy  and  the  Law. 

10.  Tyree,  Perry  Co.,  Solar  .Energy  and  the  Building  Code- Building 
Standards  -  Part  1 . 

11.  -We'ingart,  J.M.  and  Schoent  R.M. , 'Barriers  and  Incentives  to  * 
Commercialization  of  Solar  Technologies ^for  Buildings presented 

*      at  International  Solar  Energy  Society  Annual  Meeting,  NASA-Lewis  * 
Research  Center,  Cleveland,  Ohio,  QctobeV  3-4, J 973.  '  *  i 

12.  Westinghouse  Electric  Corporation ,f Solar  Heating  and  Cooling  of 
'   '.Buildings,  Phase  0,  Final  Report  Vol  ^2,  .May  1975,  NSF-KArN-74-023C^ 

Westir\ghouse  Elect  riff  C6rporation,  Special  Systems,  Box  1693, 
Baltimore,  MD  21203/'     .  ■  '     .  I  9 


13.    Ypsick,  Dennis  A.,  Fire  Stopping,  Thefuilding  Official'and  Code 
Admini station,  January  1975.  •       -  .  * 


ERLC 


551 


TRAINING  COURSE  IN  •  .  • 

VTHE^PRACTICAl  aspects  of  • 

SIZING,  INSTALLATION,  AND  OPERATION  OF  SOLAR  HEATINg'anD,  COOLING  SYSTEMS 

/  • 

-  *FOR   »    '    ,  ' 

RESIDENTIAL  BUILDINGS   '  , •  . 


9  W 


MODULE  21 


.'■  BUYER'S  GUIDE 


*  p1 


SOLAR  ENERGY  APPLf CATION? LABORATORY- 
COLORADO  STATE  UNIVERSITY 

FORT  COLLINS,  COLORADO    .     '  . 


v. 


9 

\ERIC 


552 


<       t  * 


TABLE  OF  CONTENTS 


LIST  OF  TABLES 


1 


INTRODUCTION   

OBJECTIVE  .   .    ."      ;       .    .J-     ...  - 
AVAILABILITY  OF  SYSTEMS  AND  COMPONENTS 
COLLECTORS 

CONTROL  "  ,  "  .  .  .  .\  • 
HEAT  STORAGE^    .    '    .      . .  \ 

.    •  •  COMPLETE  SYSTEMS 

EQUIPMENT  PERFORMANCE  DATA  '  . 

SELECTION  OF  COMMENTS  AND  SYSTEMS 
SELECTION  OF  SYSTEMS 


.     .   QUALITY  OF  MATERIALS  A?T&  WORKMANSHIP 
.SELECTION  OF.  COLLECTOR   .  .*  -    .     '*  .' 
COMPARISON  OF  SYSTEM  TYPES 

ADVANTAGES  OF  LIQUID  SYSTEMS  '. 
DISADVANTAGES  OF  LIQUID  SYSTEMS 
.  ADVANTAGES  OF  AIR  SYSTEMS  . 

DISADVANTAGES  OF  AIR  SYSTEMS 
■   SYSTEM  PERFORMANCE    .  . '  . 
■COST  OF  HEAT  D6LIVERED  . 
CRITERIA  AND  STANDARDS  . 
WARRANTIES      ./  , 


V*"  I 


1 


.21 -ii 

?        s  A 

«21-1 
21-2 
21-2  . 
21-2 
21-3 
21-4' 
21-5  . 
?l-6 
21-7  • 
21-8 
21-8 
2.1-9 
*21-11 
-21-11 
'  21#2 
21-14 
fill  4 
'21-15 
'.  _  21.-16. 
.  '  21-18 
.  '  2>20, 


21  -.11- 1 


6 


LISTW  TABLES 


Table 


4 


21  -V 


4 


Selected  Collector  Manufacturers 


.  21-2-  Selected" Suppliers  of  Solar  Heating  Controls 
-  21-3        Selected  Solar  Heat-ir^Sys tern  Suppliers'. 


Paje 

21-3 
21-4 


21.-5 


S3  ' 


j  * 


v 


\ 


'  \    -  i 


ERIC  ; 


4 


*  / 


\    •  1 


5S4 


>»  I 


INTRODUCTION  .'  •  . 

In  addition  to  understanding  the  design  and  operation  of  solar 

Seating  systems ;  ,$uppl iers  and  users  should  be  acquainted  with  several 

other. aspects  of  solar  heating.  '  In  order  that'  inteVl.i-gent  selection' 

of  equipment  ^an  beynade,  knowledge  of  industry  standards  *  equipment 

warranties,  performance  evaluation  data,  and\related  topics  is  necessary? 

If  evaluations  have  been  .performed,  their  results  need  to  be  available  • 

to  the  supplier  and  user.    The  kinds  of  data  required  for  such  appraisal 

*  *  *  . 

must  be' understood.  -The  advantages  and  the  disadvantages ,of  the  main 

*   .*  •  * 

♦system  types  for  a  specific  application  are  particularly,  important.- 

l^owledge  of  the  type  of  hardware  available,  their  cbst,  and  their  torfi- 


patibility  with  other^components  in  the' system  is  essential.  'Such  itpms 

as  safety  and  durabil  >ty/are  addftiotial  criteria  for  equipment  evaluation. 

and  (selection.-  i  *  *  < 

•  Within  this  module,  the  rpain  points  enumerated  abdve  are  addressed", 

and  a'  guide  to  their  consideration  >s  "presented.    Because  of  (a)  the 

newness  o*f  the  solar  equipment  .industry,  (b)  limited  experience  in 'the 

*  .     ■•-  ^ 

use  of  fully  commercial  .systems  in  non-subsidjzed  installations,  (c) 

,  *  *. 

lack  of,  criteria  for  system  evaluation  and  certification,  'and*  (dO  lack 
of  information  on  durability',  marketability,  andl other  factors,  much  .of, 
the  material 'here -%itl ined  is  tentative,  rapidly  olrangnng,\and  highly 
variable*  in  time  and  pface.  ,TI\e  following  informatiorr^^lTmild  therefore  . 
be  considered  a  guide  rathJW^Cban . a  set  of  "specifications .  4 
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OBJECTIVE 


The  objective  of  this  module  ,is  to  provide  the  trainee  with'guides 
to  the  purchase  of  equipment  fpr  solar  heating  systems.    The  reference 
lis^of  manufacturers  of  equipment  is  not  intended  to-be  all  inclusive. 
Guidelines  for  choosing  solar  equipment  and  systems  are  provided,  not 
only  in  this  module,  but  throughout  this  manual. 

.  **        ■  *,  .  *  .  • 

AVAILABILITY  OF  SYSTEMS  AND  COMPONENTS         •      "  , 

* 

COLLECTORS  .  ■  * 

;    o  ,A  cfirectory  of  manufacturers  and  suppliers  of  solar  heating  .(.and 
'cooling)  equipment  has  been  publ  i  shed' by%  the  U.S.  Energy  Research  and 
Development  the  title,  "Catalog  on  Sol  ax  Heating,, 

and  Coolifg  Products'11.    Published  in  November  1975,  and  designated 
ERDA-75,  it  h§s  been  updated  by  the  Solar  Energy  Industrie^ ^Association. 
Among  scores  df  organizations  fisted  as  manufacturers  of  sotlar ^heating 
equipment,  possibly  a  do^r>  fi'rms^haye  supplied  or  could  furnish  solar 
•collectors  in  quantities  of tthoysand$  of  square  feet  with  one-  to  two- 
month  lead' time  for  delivery.  -  A  listing  of  some  firjps  is  shown  in  Table 
21 -1*  .The'  Tist  is  not  intended  to  :be  complete  nar.  ^s.'tlie,  inclusion  of 
a  firm-irrEended  to  imply  relative  usefulness  (efficiency,  durability, 
cost,  etc)  of  $he* product.-  T*he  list  contains,  however,  ipost  of  the 
firms  haA^ig  SoM.col lectors,*  for-space  heating,  to  residential  users  ^ 
and  to  the'federal. -government  lV total  quantities  of^.thousands*  of  square 
feet.    The  type^ of  collector  manufactured  j^nd  miscellaneous  comments 
are  also  presented.   '  \  f      v  f  * 

-  *  ' "       ■  "  *  ,556  ■   ''  ' 


21-3.  . 


Table  21-1        *    .  ■ 
Selected  Collector  Manufacturers 


~Name  offcFirm 

'  Collector /Type 

Collector. Material's 

Ametek  -  ■ 

 r-  ;»  ■ 

Liquid 

•  * 
Copper,  glass  (1)  or (2) 

Chamb&rlaitf 

Liquid 

Steel',"  glass  (2) 

,  General  .Electric * 

«  Liquid 

Aluminunf,  lexan  (2) 

Gnumman 

Liquid 

Copper,  glass  (2) 

Honeywell 

Liquid 

Copper-steel ,  glass  (2) 

4enn*ox 

Liifuid 

See- Honeywell           *  * 

uwens- i i i l noi s 

» 

Liquid 

Glass  (evacuated  tube) 

PPG  p  . 

Liquid 

Copper,  glass  (2)  • 

,- Revere  " 

Liquid 

Copper,  glass  (2)\pr  (1  )' 

^olaron 

Air 

.  Steel,  ^lass  (;2)  ' 

Sun source 

Liquid 

Sunworks 

Liquid  or  air 

Capper,  glass  "(1 )  '  . 

CONTROL 


9> 


In. -add4titfn.to  the. equipment  listed  above,  another  commercially 

'    <    *  •      * '  *  "      (       *   V    - .  '    "  : 

available  component  is  the  conwvT.systeip,*  The 'special  unit  in  most 
Solar  heating'  control  systems  is  the  differetrtial  thermostat  with  its 
.temperature  sensors  for  insertion  in  collector  atod  storage.    AlSo  avail- 
able^are  control  panels 'for  connection  of  !th6  differential  thermostat, 
the  roojn  "thermostat,  and  the  various  reVays  and  motor  actuators  for  * 

.: ;  \  .\  '   '  •        /'  "     '   :     •  *:    ■  i 

• -blowers/ .pumps,^aT)d  valves  and  dampers.    The  ^controllers  mayshe  -of  the 
conventional  electromechanical  type  with-fcinfetaflic  temperature  sensors 

*  ^.  or^. thermocouples'  or  thenrtistorsr  aldng  with  mechanical  relays  fojcener- 

gVzing  motors..  Also  available  are*  sol id-state^controllers  With  thejjmistor 
aftd  thermocouple  input*  and  solid-sta-te  switches  and  relays  producing 
appropriate  electric  outputs  to  motors.  *  Electromechanical  types  are  more 
.familiar  to  heating  system  installers  and  service  .personnel,  whereas 

*  .  *-  ...  ■  557       't  ■  '••  ' 
.  -                 ■      •  .'  •  • 


solid-state  i|nUs  will 'probably- emerge  as  the  more  cpmpact  Snd  economical 

system,  *  '      %     \     S    '  ' '  .  ^ 

*  *    ♦        «.  * 

.   :    Suppliers  oT:  control  components  and  special' control  systems  for  - 

.  •  *         *         ' /    /,  * 
sdlar  hea^ng  inclu^leJong-estaMis.hed  %firmsa/fn  ^frie  general  control 


v 


business  as -well  'as  new^companies  and  groups  specializing  in*  specific 


,solar  control  ^equipment.  'A  representative  list  of  Companies  offering 

differential  tfemperature*  controllers  and  complete  J&qlar  control  systems- 

*  ^.  *  *      *  *  > 

is  shown  in  Table  21-2. 


'       ;     Table  21-2  / 
Selected  Suppliers  of 'Solar  Heating  Controls, 


\ 


barber  Coleman 
Deko. Lais  ; 
Hel iotrppg  General  . 
Honeywell  ~ 
Penn  Controls 

Rho  .Sigma  * 
Robertshaw' Contrpls  Company 


Sol  ar«i 

•<?« 


^trols  .  •  . 
ly* Zia  Associates } 


HEAT  STORAGE 


•Another '.important  component  of  the  sol^V  heating  System  is  tjie  heat 
itprage  unit,'  but  there  appears  #o  be  no  commercial  offering  of  that 
iteiw.    In  the  1  iquid  system,  ,a  Conventional  tank  of  some  type  is4  purchased, 
With  the  air  systenf,  a  bin  is  usually**constructed  on  site  by  the  contrac* 

tor-and  fijled  at  a  suitable  time  with  screened  gravel.    -  . 

.  ->  <  -*  * 
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COMPLETE  SYSTEMS      » ■ 

* 

*  V  Several  collector  rpaVmfacturers  also  provide  compTete  sol&r  heating 
systems.-  'Their  products/Qansist.o'f  collectors,4  accessory  hardware -for 
collector  support  .and  connections  pumps' and/or  blowers,  preassembled  florid 
handlers  'comprising  motors,  blowers,*  automatic/  dampers,  filters,  .water 

r      \  I       '  "  '  »  f      '  , 

heating  coils  (for  the, air  system),  and  motors,  putfips,  automatic  valves 

*  s  *  * 

(for  .the.  liquid  Vystem), '-and  controls,  including' serjsors  and  circuitry 


yfor  actuating  the  various  motors"  in  t|ie  system..  Some "cdpanies  also  sup- 
ply  water  heating  accessories,  including  heat  exchanger  and  tanks, -when 

that  option*  is  involved.  *Jhe  suppliers  of  complete' solar  heating  systems- 

» *  •  '  *-  \ 

do  not  usually  furnish  t  he&t  storatjfe  unit\  because  its  size!  and  local 

'     ' .    •  •  '  '  •  \    '  *    ,\  •  - 

availability  usually  make  its  local  procurement  more  practical.    Sizing,  . 

"*  *  \ 

layout,  and  detailed  des»ign  are  -also  offered  by  some^ system f sapp  1  iers. 

U  -  *     '  \        *        * .      '  A 

These  firms" proyide  the  information  necessary ^for. install ation\of  thfegr 

,  •  •  *  \      i  i 

equipm^t^by  heating  and,  plumbing  contractors  having  little  or         "  "~ 

•    -  ^  *  * 

'experience  in/solar  equipmept  jnstallations.    Table  21-3  lists  a  Yew 
of  the  known  suppliers  of  complete  solar  heating  systems. 


'A 


'  Table  21-3, 
Sfclected^  Solar  Heating  System  Suppliers 


7<" 


Namfe  of  FiW 


Day star  *  . 

i  ? 
General  Electric %  . 

Honeywell 

^iJer  Hydro/ 

Reynol ds 

Sol aron  - '  ' 

So Tar  Util i ties -Co. 


A 


\  Type  of  System  0 


a*id  storage^ 


% fionfreszing  liquid  collect! 
#Nonfreez,ing  liquid  collection  arfd  stopstge 
N^ttfreezing  liquid  collection  and  stoite&e, 
t  Water  col  lectfbn  (nondraining)  and  storage 
•  flayer ,col lection  (trainable)  and  storac^ 
Air. collection,  pebblerbed  storage      ■  . 
'  Water  collection  (nondraining)  and  storage 


m 


\ 


';r:2J-6-  •  •    •     v  .  - 
.     .EQUIPMENT.  PERFORMANCE  DATA    _  •  " 

Most  of  the  suppl-iers  of'sdlar  heating  system  cofntponents  provide  ' 

•'v     .  '      .  /        '  .' 
technical  "data  on  their  performance.  '  Most_of  the.  collector  data  sheets  *  u 

,  contain  information  on /solar  heat  collection  Vfficieiicy- at  various* 

i  /%•' 
temperatures  and  jracfiation-  level's.    Some  infcTude  information  and  instruc-  • 

\tions  for  seizing  solar  heating  systems  and  ifts'tal lation . procedures'3.  ,At 

^least  one  firm  offers  an  extensiy?  manual  covering-its  products*  ins.truc- 

*ions  on  theirselection  and  sizing;  ^and  their  kssjembly,  installation, 

and  servicing. ,  • 


,  .It  should  be  reoogr^ize<?  ttatf;  some  of  th&' manufacturers 1  J iterature 
contai/is,  information  which  has  hot  been  verifiecjlay  tmparfial  analysis, 
-     and  that  the  data  may  not  be  represehtati ve  Of  performance  und£r*typ,ical 
_   ,  .  — .oprerating  cond4tions.~- The- user  is- advised Xo  proceed  with  .caution  4 
applying  manufacturers'  performance  figures  tHat  have' not  been  indepgn-  • 

\c\  dently  verified.  *    >  ^    \  ■ 

,  *  -  ...*'.•*,,<>*        >    '  * 

I      *    -    .       .    •         -    '      *  •  "   '        -#  -         '  '  '  ' 

Standardized  procedures  and  in:st?rufftefntation  for  testing  solar:  equip-;      ^  • 

1       „    mentthave  been*  developed* by  the  National  Bureau-pf  Standards  \NBS)  and 

*.afe  described  in  two  reports;  ' 

1.  ' 1 "Method  of  Testing  for  Rating  Sofor  Collectors  Based  .  . 
o  \                       *.        on  Thermal  PeVftormance",  NBSIR-7^-635.    Hill, and.'  , 
.     .  "  -Kusuda,'' Center  for  Building  T6&hnology,  NBS,  December 

•  :        1974,  Interim  reporV  prepaid  for  the  National  Science  ^ 

V*  '    >  .  •  .         'Foundation*-^       v       '  '  *  • 

7  •  4  •  "Met-hod  of  Testing  f6r  Rating  Thermal  Storage  Devices    ;/  ' 

.      \/  Based  on  Thermal  Peifformance" ,  N3SIR-74-634,    Kelly  -/      m  •* 

'/  "  ,  aLnd.Htll reenter  fof  JJui.ldirig  Technology,  NBS,  '        V  \ '%  + 

1  •  ,A  "  ;   *  1  March  1975,  Interim  report  prepared  for  the  Energy-',. 

}  \'\A   y\.  u   Research  *and  development  Administration.'  ' 

■■v.-. •  -;  «  •.    •  1 
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Although  the  testing  procedures  described"  in  these  reports  are-not 
mandatory- fa>sthe  rating  of  equipment,*  they  are  being' accepted  by" 
governmental  purchasers  of  solar  equipment.  '*  \   s  - 

Numerous  solar  collectors  of  the  liqufd  heating'type  have  been 
Vested  independently  by  the  NltSA-Levns  Research  Center  in  Cleveland.  -  % 
Reports  of  their  performance  bverYrange  of  conditions 'are  availa&Te  / 
and  £an-be  used  as  a  guiife-~t&  equipment  selection.  -These.test  results 
may  also  be  compared  with  the-  performance  clairnedjy  tKe  manufacturers.  ' 
in  their  dat.a  sheets.    Additional  tes^tinqpfi4quid  heating  collectors  \ 
is  also  in  progress  inUeveral  independent  laboratories* 

There  have  been  no  independent  evaluations  and  tests' of  solar -air".  * 
heaters,  but  facilities  are  being  established  at  the  National  Bureau 
'6f  Standards  arfd  at-the  NASA-Marshall  T^st-Cenfer  in  Huntsville,  Alabama. 

^  Facilities  for  testing  and  evaluation  o*  complete  solar  heating 
systems  are"- extremeJyrTimTreU.    Colorado  Stffte~phl]veYsi*Ty~fia"s~ThTee  " 
identical  ^  residential-type  buildings  in  wjyth  various  systems-are  beiijp 
developed  and  evaluated.    This. . program -isr producing  information  which 
can  guide  4he  .choice  .of  general  system  type,  and  will  al$o  yield  'detailed 
operating  da'ta  on  specific  systems;  \H  '  r  t     *    b       „  %  * 


Section  of  components  and  Systems 


.Cnbifce  of  equipment -for  sqlar  heating  involves  a  knowledge  of  the*  , 

-*  i        *   -  * 

•characteristics  that  are  significant  (arid 'critical )  and  the  advantages 

and  disadvantages  of  'each  system  type.    Bcsides^the  information  contained 

in  .this  manual,  reference 'may  be  made  to 'a. helpful  government  publication, 

"Buying  Solar",  published  by  the  Federal 'Energy"  Administration ,  , June' 1-976. 
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Am&ng.  the  factors  mosTiwportant  iYi  equi pment,  choice'  are  the 


quality  of  materials  ^nd  workmanship  in  the  collector,  oontrol  s and 
fluid-handling  equipment,  the  suitability'otJthe  materials  and  equipment*  . 
to  the  application  (involving  such  factors  as  durability,  dependability, 
and*safe$y)>  heat  recovery  efficiency  qver  the, range  of  operating .con-' 
d-itions  encountered,  equipment  cost,  and  installation  cost,.- 

SELECTION  OF  SYSTEMS      *  '      .  . 

 ■  ■  '  9 

The^system  types  requiring  chojqe  are  primarily-  th£  'flat-plate 
liquid-heating  collector  and  associated  equipment,  arnd  the  f^at-plate* 
a,iik-heating  collector  with  i^s  pebble-bed  storage^and  air  handling 

f     V  # 

facility.    Another  -possibl e  choice  is  a  system  incorporating  an  ^ 

eyacuated  glass  tubular  collector  in  either  an  air  heating  o^  water 

heating  system.    So-called  passive  systems  involving  collection  and ' 

stora^e^f-heat^-fey^ate*1^!^  oo  or.  jn  roofs  and  wall's  of  buildings  , 

*  v 
rarety'are  candidates  f|r  selectioo  because  (a)  their  practicality  hats 

not  been  provenv  (b)  there  is  no  manufacturer  of  such  equipment,  #and  } 

(c).if  used,  these  syst-ems  are  essentially  part  of"  the  building  rather 

than  a  heating  system.-   Finally,  a  system  bas^d  'on  use  of  a, focusing 

collector,  although  one  is  commercially  available,  wouVd  seldom  be  a 

candidate  for  residential  use*  because  of  high  cost, r^  tracking  reqiiire-^^ 

ments,  amj  maintenan.ce  demands.  •  Even  for  commercial  buildings,  the 


high  cqst  is  a  deterrent  to.gerjera!-  use. 


c 

m 


'   :     ■  ■  QOALIVY  OF  MATERIALS  AND  WDRKt-IANSH I P   .         '  # 

^9tK?able. material^  and  high-quality  workmanship  are  necessary  for 

■"*  *►    \     J     v  •  "        ^  * 

efficient;   trouble-free. operation  of  so3ar-heating  systems.  Visual 

^  ■  •   -  -   -  :  •  -  * 

inspection  will  often  separate<the  good  and  poor  equipment.  Other  criteria 
•     «  *  .  #  /        ,      —  *  * 

'  •  ...    .  .'       ••  ..  ,.•  .  .       ■  '  •  .^-)       ■  •:'  ■ 


■      '..      '  V  -21-9 

'      aferecdr/is  of  satisfactory  use  in  previous  installations,  compliance 
.-'   .with  jninimum  property  standards,  and  recommendations  from  impartial 
^specialists.    With- liquid' systems,  the  Collector',  storage  unit,  heat  ex- 

'•X  St  ,  * 

changers,  if/used,  and  pumps  arid  pi'ping  should  be  madVof  materials  which. 

•    are  completely  compatible  with  the.' 1  iquids.  being  used  in  order  that  * 
»  «'  '  '  ,  ^ 

corrosion  will  r^ot  prematurely  damage  or. .destroy  the  system  or  its'.cbmpo- 

^. 

nents.    The  collector  and  other, parts  of  the  system  must  also  be  able  to  " 

withstand  the  .maximum  vand  minimum  temperatures  %o  whjch  they  are  exposed. 

The  absorber  plate  in  an  efficient  collector  of  the  flat-plate  type  can 

reach  tempe/atures  abtfve  350°F  when  fluid  circulation  is  interrupted 

accidentally  or  purposely,  andrthere  should  be  no  material  in  the  collec- 
ts -  '  . 
tor  not  capable  of  withstanding  no-flow  temperatures  for  prolonged  periods. 

Wood  or  other  materials' which  can  outgas  at  these  temperatures  should 
Y  never  be  used  in  a  solar  collector."    If  inspection- shows  the- presence  of 

such  materials,  the  collator  is  cl early  unsui ted  to  normal  space  heating 
*j  applications. 

•  .      .  <  " 

•SELECTION  OF  COLLECTOR'    '  '  »     '  /, 

I  m  *  < 

.The  efficiency  of  ttie  cof\ecfcg|in  recovering  solar  energy  in  a^ 

•  hea ted f' fluid  4s  t)ie*  primary  determent  of  the  size'of  collector  required 
-'•      for  supply  of  a  particular  fraction  of\he'total  heat  requirements- of  a 

building.  And,  although  this  is  an  important  criterion,  for  collection 
selection,  installed  cost  per  urtit'area  is  equally  significant.  Assuming 
*  two'styles  of  collectors  have  equal .durabil ity,  the  one  haviig  the  greater 
.    heat  .delivery  .per  dollar  of  first  cost 'is  the  superior  etfoice,  regardless 

of  the  efficiency  and  the  cost  themke'l ves.  ♦in  other.  wOrdsVan  increase 
y    of  a  .few  percentage  points  in  efficiency  which  might  be^achievpd  by  "T  • 
.   douMing  the  cost  per  square  foot  -is' Viot  advantageous.    The  purchaser     •  * 
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«  j 
should  therefore  base  the  choice  among  various  collector*  of  the. general 

type  selected  on  reliable  efficiency  measurements,  delivered  price  of 

the  collectors,  and  the  cost  of  installation  determined  by  the' installer* s 

bid  or  the  cost  of  installing  similar, systems  in  other? buildings. 

Unless  the  solar  collection -efficiency  claimed  by  the  manufacturer  has 

been' independently  verified  or  reliably  cotif  i  raed^by  theoretical. 

analysis,  it  should  not  be  accepted  without  question." 

As  noted  in  Module  14,  the  sizing  of  a  solar  collector  and  as-sociated 

equipment  for  carrying  a  certain  fraction  of  the  total  heating  load 

cannot  be  based  on  some  collector  efficiency  measurement  at" "ideal" 

conditions  characterized  by  a  full  sun -nearly -perpendicular  to  the 

collator  and  at  small  to  fooderate^temperature. difference  between  . 

•  Collector- fluid -and.  the  surrounding  atmosphere.    Seldom  is  the  collector 

operating,  at.  such  favorable  Conditions  in  pormal  use,  so  average       *  y 

efficiencies'.are  far, below  stfch  a  level.    In  the  selection  of  solar 

equipmerit,  however,  .performance  of -collectors  among  a, single  general  ' 

•  '    '  '        .   •  *  V  •      "  . 

'type  can  be  compared  at  the  ideal  conditions-.    TT  collector  efficiency* 

'is  reported  over  a'range  of  solar  intensities  and  fempe^ture  [conditions,. 

I         '  •    «  >  ' 
comparison  can  be- made  at  poor,;oj$rating  conditions  as. well  as  the  better 


ones , 


The  two  ttems.  probably  jr&^cor*monly  overlooked  in  the  selection  of; 
solar  collectors'andother  system  components  are  the  durability,  or 
apparent  useful' life, .Vf  the  equipment  'and  the  .cost,  of  jts  installation 
in  the  building.  Vhe  anfiuaVcost  of  ownership  of  the"  equipment  is;;  ,' 


no 


ERIC 


approximately,  inversely. proportional  to  the  useful  life.  '  In' other 
.word's, -if,  a 'solar,  col  lector  must  be  replaced  in»15  years,  there  is 

advantage- in  its  purchase  a't  hal L the  price  of  'anotheV  collector  having 
*a  3.0Tyear"life*.    Numerous  collectors  are,  on  the  "market  today  which  ^ 

••  '  ' ;  -        -  _  4   .  564      *.'   •  - 


cannot  be  expected  to  operate  satisfactorily  even  'foY  10  years, ;so 
^their  purchase  at  pricesas  1^/  as  $5  per  square  foot' appears  unwise. 
A* collector;  whi^B  costs  $>2  to  $15  per,  square  foot  thatcarfbe  expected 
,to  functijbn  .satisfactorily  overythe  entire  life  of  the  bujj 
far  better  investment. 


,  <     COMPARISON  OF 'SYSTEM  TYPES 

»  '  *  "  •  * 

The  *two  major  types  of  systems  now  available  commercially  are  those 
which  employ  a"  liquid  for  tr,ansi^r  of  heat  from  collector  to  storage 
and  those  which  utilize  air  for  the  same/purpose.    The ^so-called  passive 
types,  in  which  collection  »and  storage  are  combined,'  are  not  commercially 
•manufactured  because  they  are  so  closely  associated  wi\th  the  design  and 
"Construction  of  the  building  that' they  are  primarily  architectural 
considerations.  ,  ■    "<        -  ^ 

V       Nearly  all  of  the  air  and  water-system  types  invoTve  collectors, 
employing  flat-metal  absorber  ptates  oveVlaid  with  flat-glass  sheets., 
A  modification  of  this  design  is  applied  in  the  several  variations  of*- 
the 'evacuated  tubular  collector  for  air  or  water  heating.  'A  focysjng 
type  of  collector  employing  a  transparent  plastic  Fresnel  lens  is  also 

C         *  4  < 

•   receiving  specialized  experimental  use.  , 

ADVANTAGES       LIQUID  SYSTEMS 

In  comparing  air.and  liquid  handling  in  systems,  each  has  "advantages' 
and  disadvantages.    The  primary  advantages  of  the  liquid  system  are  due 
tomse  of  a  low-cost  fluid  with  high  heat  capacity^  Relatively  small 
piping  for  transferrin Jheat  from  collector  to  storage  and  from  storage 
to  the  heated  space  in  hydronic  distribution  systems  is  an  economic 
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Mvantagt*  particularly  .in  lar.ge  buildings.    The  volume  of -water  in  / 

which  a  given  quantity  of  heat  can  be  'stored,  is 'much,  less 'th&njrequi red 

Of  any  other  material  not  undergoing  a  phase  change  o'f  some  type.    He.at  *      ,   .  % 

storage  in  materials  undergoing  phase  changes. is  noncommercial  ly*j*racti- 

cal,  "so  water -is  the  most  compact- heat  storage,  material  hpw  available. 

Another  advantage  of  the  liquid  .system  is -its  capability  tjpKsolar 

air  conditioning.    Although  such  systems  are'not /ujly  developed;  thej-    .  y 

do  have  practical  possibilities,  particularly 'in  larger -industrial^      '  ^     ^  . 

commercial  buildings.    An  additional  advantage  in\he  liquid  system,  is        •  ^ 

the  number  of  commercial  manufacturers  of  liquid  heati ng ^sol a*;col 1 ectors^  :     \  ■  0 

•Various- styles,  materials  (aluminum-,  .copper,  and  steal ),- transparent  , 

'  -  .  •  v 

.coverings  (glass,  plastic  films,  and  heavy  plastics),  and  sizes  ,afe    \'    ,  -*_  ' 

available.    Finally,  a  large  amount  of  Experience  is . available  with  . 

•  liquid  collectors  (originally  used  for -hot -water  supply),  including         '  . 

theory  as  well  as  practice.      .  - 

'    '  '  .  • 

DISADVANTAGES  OF  -LIQUID  SYSTEMS       ♦  -  . 

"        The  disadvantages*'^  liquid. systems  result  primarily^from  . the 
chemical  and  physical  properties  of  water."  Its  freezing  pointr,  bailing  ; 
point,  and  .chemical  react^ity  with  metal s. requi re  designs. and, materials 
which  can  add  substantial  cost  to  a  solar  heating  system.*   In  nearly  all 
'  partj  of  tfte 'United  'States,  water  would  occasionally  freeze-  in  a  solar       ^  .  . 
collector  and  cause  extensive  damage.    A  "fail -safe ''drainage,  system  must,  , 
therefore *be  provided 'if  water  is  used  in  the  collector,  or  a  non- 
fceezinVliqufd  must  be -used,  with  heat' exchange  to  water  storage' in  "a    1  ' 
c    part  of  the  building  where  freezing  cannot  occur.'    A  sel f gaining 

collector  imposes  some 'design  restrictions",  and  the  periodic  'filling  of  V 
.    the  co34ector  tubes  with  air- imposes  limitations  on  the  types  o^metal  ■ 

'   *    ■  ~   ■  -    566  '    •  ,'• 
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*  (    which  can  be*  used.    Nonaqueous  heat  tranlfejh  liquids. may  be  used  in\he 
collector  loop,  but  the*  practical  utility 'has  yet  to  be  adequately  ' 
demqnst rated.  .  •  .  \  *     ,      "      *  .. 

t    mm-  The'  corr.osi veness  of.  water  in  contact  with'al uminum, or  steel,  in 
,     the  presence^  of 'air,  is  a  factor  which  rmjst  be  considered  in!the  desig?- 
and  use  of  water-heating  s*??ar  collectors.    Galvanic  corrosion- '(in  the 
<  presence  of  other  metals),  of  aluminum  in  water  must  be  avoided  by, 

*  \  * 

.  suitable'..non-condu"cting  connection  in  the 'system.    Pitting^or-rosion  .. 

^r^tAluminum  in,  the  presence  of  slight  metallic  impurities-  as  we  1>  as*  ' 

.    'dissof^d  oxygen  and  impurities^Vthe1  water  may  result  i.n  early  failure, 

t'    of  the  aluminum  ttibes,  particularly  if  thin-walled.    Breakdown  of  anti-  ' 

freeze  solutions^ethylene  glycol,  for- example)  to 'Aid*  compounds  can  ' 

•  .  » 

.accelerate  corrosive  attack  and  must  be  avoided/ by  suitable  preventive' 

maintenance.   •  *  {  >  \ 

.  \  \  .0  -    ?   \  ■  "    V  J  • 

Steel  is  less  subject  to  attack  than  aluminum,  6ut  erecautionsmust 
nevertheless 'be  taken..   The  probabTe -life  of  a  s  tee  ^collector  ,is  greater 
than  that  of  an  aluminum  collector  having  the  same  tube  thickness.    -  -'■  ' 

■   *  *  *         "  * 

.  Periodic  draining  and  filling  with  air  must;  -however,  be  avoided  '' 
V  *  .  *  .* 

}    Cop>e^,  at  least  for  tubes,  appears  to  be  the- most  durable  and  de'p'end--  * 

able  material.    The  only  disadvantage  is  its  substantially  higher  cost'. 

A  plate-type  copfe^col  1  ecto»  requires  -an  outlay  roiigh.ly  three ^dollarv 

per  square  foot  in  excess  of  that  for  aluminum.    AtHhe  re/tail  lo/eT,  ' 
,this  difference  could  be  as  much  as  ffve  to  six  dollars  in  selling  prfl%. 

WHh  any  of  the  metals'  used  for  water-heating  collectors,  corrosion 
.'inhibitors- .can  be  addgd  to  the  solution  (whether  fnwfce- protected  or  not), 

thereby  substantially  extending  the  life  of  the  equipment.    The  inhibitor 


itself,  however,  must  be-maintained  at  suitable  concentration  6v  ^ 
.periodically  checking,  and  adding  when  necessary.  V 


N.        #         ~  ft 
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i Another  disadvantage  of -the  water  system  is  the  boiling  which  occurs 
if 'circulation  is  los\t  during  sunny  .weather.  The  system  must  be  designed 
with  appropriate  vents  \or  relref  valves  to  permit  discharge  of. steam  when 
these  failures;  occur.    1^  the  condition  persists  *for  several  hpurs,  thgre_ 


can  be  somuch  .lpS^  of  ftu\d  that  recharge-  is  then  necessary.  For  typical 
res-idential  and  commercial  lhstal  1  atio'ns ,  a  maintenance  man.  would  have  to 

be  called,  anc/jiddi ti^pal  antifreeze  agent  (if  used),  corrosion  inhibitor, 

•  \  \ 

arid  water  would'have  to  be  addeck    These  requirements  impose  costs  which 
#  *      \  ■  c 

must  be  considered  in  any romparis\)n  of  system^ 

In  a  well-designed  andinaintained  1 iquid  system,  damage  to_  the 
building  and  its  contents  f rom- 1  iquid \leakage -shoul d  not  occur.  However, 
poor  maintenance  or  careless  operation  Can  contribute  to  leakage "of  the 
collector  .fluid  or  of  water  ffom  the  stt)Age  system  through  one  of  many 
joints  and  connections,  or  through  corrosiol*  sites,  and  can  result  in  exoen- 

*  \  * 

sive  damage^  .Good  preventive  maintenance  is  \herefore_ a  primary  require- 
ment of  satisfactory  operation  of  a  li.qyid  system. 


^ADVANTAGES  OF  AIR  SYSTEMS  . 
v\     The  advantages  and' disadvantages  of  an"  ai\^sys\em  are  essentially 
theWverse  of  those  associated  with^jM  iquid  system.^  Advantages- are 

the  absence  of  problems  assgoi-afed  with  corrosion,  freezing,  boiling, 

\\       *-  * 

fluid ^placement,  .monitoring  of  fluid  composition,  and  potential  damagfe 

*\\        ^  »  \    ^  I 

by  system learKage.  t   .  l/  x 


\ 


DIS^DVANTAGFk OF  AI R  SYSTEMS  .  .' 

A" 'disadvantage  of 'the  air  system  i!,  the  larger  volume  required  for  . 
heat  storage  -  approximately  three  'times  that  for  the  equivalent  he^t 
storage  capacity 'in  water.    This  requirement  imposes  a  need  for'.-floor 

.     -    56a  ... 
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space  haying4a  linear  dimension  'approximately^O^eYcent  greater  than- 

for  3  cylindrical  storage  tank.  Equal^heStfstorage  can  be  provided-,  for  - 
example,  in  an  eight-foot  cube^of  pebbles  and  in  a  tank  of  water  five 
/     feet  in  dTamete*^amJ-Tfght  feet  high'.    Another  air  system  disadvantage 
is,  the  size  of  ductwork  between  collector  and  storage.  -  About  four 
square  feet  needs  to  be  'available  for  two  ducts  between  collector  and 
storage  in  a  typical  residential  inst'^latio/i.    A  third  disadvantage 
.    is  the  current  .lack  of  air  conditioning  equipment  operable  with  a 
solar-heated  air  supply.    %\<~>  situation  is  not  yet  a  deterrent  $f  air 
system  use,  however,  because  no  solar  air  conditioning  system  is  yet 
consnerci.al .  .  . 

^Compa'ri-son  of  the  advantages  and  disadvantages  of  solar  heating 
•  system  types  outlined  above  leads  to  the  conclusion  that  the  air  system 
is  superior  insofar  a^  durability  and  freedom  from  maintenance  are 
concerned.    Experience  with^a  limited  number  of  systems  bears  out  this 
generalization.  ,  As  to  compactness  and  wide  availability  of  hardware.,..  -  "  " 
the  Ti qui d  system  appears  to  be  the  better  choice.  TheWrelative 
advantages  suggest  that  air  systems  may  predominate  in  residential 
instalJations  wher*e  maintenance  is  notoriously  neglected,  where  compact- 
ness is  often  not  considered  essential,  and  where  durability  is  important. 
Liquid  systenjs  ,-"on  the  other  hand,  may  predominate  in  commercial  and 
industrial  installations  where  maintenance  is'  routinely  practiced,  wherg 
space  is  frequently^  a  premium,  and  where  occasional  equipment  replace- 
ment is  acceptable  if  economically  desirable. 

*  \ 

'  SYSTEM  PERFORMANCE         ■       "  . 

In  terms*  of  system  efficiency,  qr  annual  he>at  delivered  per  unit 
A        collector  area,  the  two  systems  have  comparable  performance.  Several  studies 

X*  *  I  „ 

t.  " 
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/  ha.ve%hown  that  the  difference  in  heat  output  is\mall,  and  that  one. 

'    system  may  be  llightly  better  under  some  conditions  and  the  other 

,  '  superior  in  other  situations.    The  most  recent  information  on  two 

identical  adjacent  houses  shows  nearly  one-third  more  heat  was  supplied 

\ 

by  the  air  system  from  equal  collector  areas.*   But  ^conservative. 

t 

appraisal -is  that  trfe  two  systems  have  approximately  equa/1  heat  delivery 
capability  per  square -foot 'of  collector  area.    More  data  are  needed 
before  more  definitive  statements  can  be  made. 


COST  OF  HEAT  DELIVERED 

'  The  final  and  conclusive  basis' for  comparison  is  cost  per  unit  heat 
delivered,  "if  effi.cienpy/ useful  life,  and  maintenance  costs  are  equal, 
the  system  requiring  the  least  maintenance  per  square  foot  of  collector 
is  the  best  choice.    System  costs  are  not  yet  sufficiently  established  J' 
tor  positive  selection  on  this  basis.    However, -examination  of  published 
prices  of  solar  collectors  and  consideration  of  the  costs  of  other  ( 
components  In  the  system  suggest  that  the  total  installed  cost  of  the 
air  system  is  lower  than  that  of  the  liquid  system,  for  equal  heat  s 
"output.    Evidence  in.  support  of  this  indication  is'tjot  conelus.ive, 
however,  so  unless  actual  quotations  An  be,  compared,  it  should  be 
assumed  that  the  cost  dffference  is  not  large,  possibly  not  over  10 
perc'ent  of  the  total  Investment,  and  that  ahy  difference  is. probably 

in  favor  of  the  air  system. 

Another  important  factor  bearing  on"lola.r  beat  cost  is  the  useful 
life  of  the  system  and  the  costs  of  maintenance  and  repairs.    On  these 
points  there  is  "little  doubt  that  the  air^ystem  involves  lower  annual 
expense.   T^e  absence  of  corrosion,  the  use  of  moderate-priced  metal 
(mild  steel") ,  and  the  absence  fif  servicing  requirements  .indicate' that 
'•"  '    *.  570 
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the  air  system  will' have  a  longer*life  and  lower  maintenance  cost  than 
the  ,1  iquid'system.  ,  * 

With  respect -to  evacuated  tubular  collectors,  their  high  effi- 

ciency  is  a  great  advantage.    These  units  are  not  yet  being  made  for 

-  -  t  v 

general  sale,  so  it  is  difficult  to%ake  comparisons  with  .flat-plate 

r 

systems.    Manufacturing  costs  are  much  higher,  and  current  prices  may 
po*t  reflect  true'costs.    But  if  these  units  can  be  produced  in 'large 
volume  (e.g.,  a  thousand  tons  of  glass  per  month),  costs  might  reach 
a  competitive  level.    Selection  of  evacuated  tubular  systems  today 
would  have'  to  be  based  on  criteria  other-than  cost,  such  as  high 
temperature  delivery  of  collector  fluid  at  reasonable  efficiencies.  ,  ~ 
But  when  demand  reaches  "the  level  justifying  automated  tubular  collector 
production  with  a  .furnace  used  exclusively  for  this  product,  costs  may 
become  very  attractive. 

/ 

There  is/ also  a  focusing  collector  (Fresnel  lens)  which  has 


received  son/e  experimental  use.    It  require^  a  tracking  mechanism 
and  the  edit  is  substantially  higher  than  the  other  systems.    Unless  ' 
high  temperatures,  well  above  200°F,-were  a"s(5ec>fic  requirement  as,  1 
example,  for  absorption  air  conditioning,  there  appears  to  Joe  no  * 
advantage  in  the  use  of  this  low-concentration  focusing  system.  The 
considerably  .higher  cost,  inability  to  focus  diffuse.  radiation,*\anti  - 
the  need  for  moving  hardware,  plus'  maintenance,  appear  to  preclude  its  \ 
^practical  use  for  space  heating.-  .  *  ' 

/  Irv  the  final  choice  of  a  solar  heating  system,  consideration  must 
be'ejiven  to  the:type^of  use  which-the  system  is  to  meet.t  As  previously 
i*dicat£d,  liquid  systems  appear  to  have  vsome  advantages  over  air 
systems  injarge  installations 'where  maintenance  is  customary  and  where 
cooling  may  now  or  later'be  provided  by  sojar  energy.  Other  circumstance 


A 
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mi<ght  also  .provide  incentives  for  .liquid  system  use.  It  is  evident  that 
6oth  systems  have  potential  for  widespread  application.  .  . 


/  ;     '   CRITERIA  AND  STANDARDS 

••••«''.,  »  '      .  '  • 

Although  no  performance  criteria  or  Standards  for  sertar  heating  ■ 

'equipment  have  been.establ ished,  several  such  efforts  are., being  made: 

Among  the  active,  organ  i&tfons  are  the  American  Society  for 'Testing  and 

f  ;  x  •  '    /  ' 

•    Materials  (ASTM),'the  American  National  Standards  Institute  (ANSI);  the 

'  *      .  <  / 

American  Society  of  Heating,  Refrigerating    and  Air-Conditioning  .    .  • 

Engineers,  Inc.(ASHRAE),  the  Sheet  Metal  and  Air  Conditioning  Contractors'  . 

National  Association  ( SMACNA-) ,  and  various  government  bureaus,  including  (_ 
'   the  National  Bureau,  of  Standards  (NBS-),,  Xhe  Department  of  Housing  and  . 

Urban. Development  (HUD),  and  the  Energy  Research  and  Development 

Administration\£RDA) ,  # 

A  committee  o\the  ASTM  and  ANSI  organizations  is  actively  engaged 
.   in  formulating  standards  for  solar  heading  equipment.    No  results  have 
'    been  publicly  released, \t  criteria  or  guidelines  may  be  expected. 
•'  '    •  .ASHRAE,  through  its  se\es  of  manuals  on  heating'arid  air  condition- 
{  ing',  continues  to  expand  its  section  on  solar  heating  and  cooling.  The 

'1974  edition  of  "Applications"  contains  solar  heating  information  and 
•  guidelines  »in  Chapter  59.    This  material  is  in  the-  form  of  a  refergnfiff-' 

handbook  for  designers  and  installers  of-s^ar  heattng-'^uipment,  but  it 

'is  comparatively  general  in  its  con  ten  tf 
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An  important  project  of  the  National  Bureau  of  Standards  is  the 
formulation  of  performance  criteria  which  solar  heating  and  cooling 
equipment  should.be  expected  to  meet.    Two  of  the  results  of  .this  project 
are  the  reports,  "Interim  Performance  Criteria  of  Commercial  and  Solar 
Heating*  and  Combined' Heat ingVCool ing  Systems  and  Facilities",  NASA 
98M-10001  ,'  28  February  1975  (prepared;by  NBS)  and  ''Interim  Performance 
Criteria  for  Solar  Heating  and  Combined  Heating/Cooling  Systems  and 
.Dwellings",  HUD,  1  January  1  975  r^rejared"by  NBS        HUD).  These 
publications  contain  information  on  the  characteristics  of  salar  systems 
and  components  which  are  important  in  the  selection  of  equipment.  No 
requirements  a'Ws  outlined,  in  terms  of  quantitative  performance,  but 
the  equipment  is  expectecj  to  perform  at  the  level,  whi-ch  the  manufacturer 
or*  supplier  specifies.    In  addition  to  the  criteria  themselves,  the 
reports  describe  methods  for  measuring  the  performance  of  collectors 
and  heat  storage  units.  J  & 

Them'ext  government  effort \along  these  lines  jias  resulted  in  the- 
release  of  "Intermediate  Miri(ib&m  (Property  Standards  Supplement  for 


Solar  Heating  and  Domestic, Hot  Water  Systems,"  prepared  by  the  National 

Bureau  of  Standards  for  the  Department  of  Housfng  and  Urban  Development  "(HUD)*. 

In  conformance  with  other  HUD* documents  of  this, type,  the  speci ficatiorvs 

* 

outlined  are  those  which  solar  heating  equipment -will*  have  tp  meet  if  . 
federal  funds,  such  as  tFHA  home  loans,  are  used  in  financing  the  stpucWre 

~\  '    '    '  ,       ; *       '  -  '  * 

or, -its  components.    As  with  the  "interim  performance  standards"  developed 
by  NBS,  the.  solar/heatinq  apd  cooling  standards  in  the  HUD  document  are 
directed  mainly  to  Slaffety,  durability,  relj/abili  ty ,  and  sulh  "factors  rather 
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than  to  the  specific  efficiency  of  heat  supply  or  other  cjtfantitative  . 
criteria.    The  equipment  is  Required  to  perfbrm  according  to  the 
manufacturers  claims.         '  , 

*  1  4  ,  - 

The  work  beimg  undertaken  by  SMACNA  is. directed  toward  standards 
for  installation  workmanship  in  solar  heating  systems.    Such  factors  as 
*he"  quality  o'f  the  plumbing,  "Sheetmetal  workH  and  electrical  work  will 
be-considered.  \ 

s  %  '  -  •  ' 

,  'Standards  for  testing  solar  equipment  have  been  the-subject  of  work1  * 
at  the- National  Bureau  of  St§n3ards  for  over  two  years.    A  useful  report 
of -part  of  this  investigation  is  "Development  of  Proposed  Standards  for  \ 
Testing  Solar  Collectors  and  Therm&l  Storage  Devices'1,!  NB5  Technical 
Note  899,  issued  February  1976.  "  x 

Another  documtht  related  to  standards  and  criteria,  prepared  atwthe 
Center  for  Building  Technology  of  .the  National  Bureau  of  Standards  for  , 
the  Energy  Research  and  Development  Administration,  Division  of  Solar, 
Energy,  is  "Thermal  Data  Requirements  ct'nd  Performance  Evaluation 
Procedures  for  the  National  Solar  Hearting,  and  Cooling  Demonstration  Program 
This  man,ual  provides  detailed  information  and  directions  for  measuring  and 
Evaluating  the  performance  oT  sol,ar  heating  and  cooling  systems. 

"\  '  ■  WARRANTIES 

The  types'of  warranties  offered  by  manufacturers  of  soT,a*\  heating  -  > 
equipment  vary  considerably.    Atvthe  present  time7~tf^.suppl ier  provides 
Arranty,  it  is  of  the  "limited"  type.  ,  Under  its^ertas,  the  equipment 

*  ft 
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-    vi  warrai^ed  to  be  free  of  defects  in  materjaJs-and  workmanship/  and 
/  ^  that  if  such  defects  arej^found  v/ithin  a  certain  period  of  time/ after 

/*"     initial  use,  correction  or  replacement  will  be  made  without  cost  to 
e     /    the'user-.    Most  of  the  suppliers  of  sol ar, equipment  do  not  currently  . 

/  -     '  ■  y      .  ■        >  . 

offer  any  type  of  warranty.    A'few,  -larger  comf&nies  involved  in  solar  : 
equipment  manufacture  are  offering  one-year  limited  warranties.  One 
company  marketing  an  air  system  offers  a  10-year  1 imi ted 'warranty. 

There  appear  to  be  no  manufacturer's  guarantees  as  to  thermal 
efficiency  #r  heat  delivery  capability  of  sol ar  equipment.  Although 

manufacturers  are  providing  that  type  of  information  in  the'ir  sales 

v 

literature,  they  are  not  guaranteeing  the  performance -i n  the  field. 
To  a  certain  degree,  this  omission  is  due  to  the  inability  of  the' manu- 
facturer  to  control  the  quality  of  the  installation.    In  addition, 
manufacturers  supplying  onlytcertain  components  of  a  system,  such  as 
the  collector,  cannot  be  assured  .that  the  other' components  in  the  System 
V*      are  correctly  selected  or  integrated  with  their  own  product.  Thus, 
inferior  performance  might  wel*l  be  due  to  factors  other  than  those 
v  controlled  by  the  collector  m&nufacturer .    A  performance  warranty#would  s 

thus  be  difficult  to  establish  and  maintain. 

Still  another  problem  in  providing  a  meaningful  performance 
warranty  is  the  great  variation  in  climate  encountered  and  the.  practical 
-    difficulty  in  accurately  measuring  the  output  of  the  installed  equipment. 
Instrumentation  is  usually,  not  provided,,  so  measurement  of  performance 
,is'  likely  to  be  an  expensive  investigation  by  aj^  jsxperfenced  engineer. 


>  Disputes,  litigation;  and  other  problem?  would  be  inevitable.' 

Practical  performance  warranties/  should  become  available  for  com-, 
plete  solar  heating  systems  provided  by  a  single  manufacturer,  assembled 
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,and\instailed  by  a  single  responsible  individual  or  firm?'  The  mamr-  • 

fictur^r  could  then  guarantee  the  system  to  the  install  ing *firrti  which,  ■ 

in  turn,  woul d' guarantee  i.t  t,o  t^he  purchaser.  '  In  c'a^e-of  d4spu-fe"e,  the  , 

'  .        4    ■  v. 

installer  could  measure  system  performance  in  the  presence  of  the  owner 

and  a  tfiird  party,  if  demanded,  for  determination- of  Conformance .  ,f:f 

'     -  w  V  \  *\ 

inadequate,  Corrections  would  bemiade^in  compl  iance 'wi  th  the  warranty, 

and  the  installer  and  manufacturer  would  e£tcrt?lisb'  responsibil i  ty  for 

the  departure  from  specification^. 

Such  developments  as  the' Home  Owners  Warranty  (HOW)  program," 

'sponsored  by  the^National  Association  of  Home  Builders ,^can  be  expected  ' 

to%  have  an  influence  on  solar  heating  equipment  guarantees.    Under  the  , 

t  *  • 

HOW  pro^ranh  all  defects,  in  a 'residential  'structure  will  be  corrected 
at  no  cost*  to  the  owner  during  the  first  three  years  of  use.  9  It  may  be 

expected  that  solar'heating  equipment  will  have  warranties  conforming 

§  » 

with  such -a  program.    Manufacturers  will  then  be  required  to  guarantee 

to  the  dealer  and  installer  the  qecessary  support  for  compliance  with 
this  program.  4  * 

The  solar  equipment  manufacturing  industry  unfortunately  includes 
several  small  suppl iers  having  practically  no  experience  with  solar 
equipment  and  offering  no  warranties  of  any  kind.  .  Purchasers  of  such 
equipment  hav^yfery  little  chance  of  reimbursement  for  costly  failures. 
Even  if  a  small,  margi nal%anufacturer  *of fers  some  sort  of  warranty,  a 
purchaser  does  ndVhave  much  assurance,  that  the  manufacturer  will  remain 

in  business  long  enough  to  make^pood  on  its  guarantee.    In  the  event  of' 

•  *  ♦      ».  *  « 

equipment  defect  or  failure,  the  owner  (or  installer,  if  guaranteed  by 

,him),  would  suffer  the  loss.    These  and  other  topics  are  discussed  in 

the  previously  mentioned  government  report,  "Buying  Solar",  pub+ished 

ip  June  1^76  by  the  Federal  Energy  Administration  and  HUD. 
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^  ,     the  Practical  aspects,  of  '  . 

installation,  and  operation 'of  solar  heating  "and  cooling  systems 

FOR  ;       ,      ,  •  - 
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INTRODUCTION 


T4ie  solar  system^  that  are  describee!  in  other:  modules  of. this  \ 
manuaJ'  are  cost-effective  ^systems  that 'have;  bfeen  installed  and  operated. 
,J)aia  obtained^from  experimental  systems' indicate  that  they  function  ■  - 
satisfactorily  fn  residential  burldirjgs.    Fluids  that  are  heated  by   b  c 


-4* 


•  solar  energy  in  flat-£>1ate  collectors  are  sufficiently  hi-gh  in 'tempera - 

turfe  to  heat  space  and  hot  water  and  to"  provide  t|J        Pr  to  drive  * . 

an- absorption  cool  ing*-machine;    Although  efficiencies^  of  the  systems     t  % 

vary,  they  are  generally  about? 30  percent  and/V/hile  such  an' $ff i.ciency 
-      *  *  -         "   >    .  \  :  .  . 

is  satisfactory^  iftit  can  be  topr&ved-by  better  compohents.-at  lower. 

•  energy  cost,  thje  improvements  .are,  worthwhile.    A  number  of  new  features, 
acid  components  of  "systems -are  being  researched  and  many  could  improve 

T  J    *  "  ;  x  . 

system"  performance  signif icantly^    Flat-plate  collectors- can  be  improved 

*      »  i  »     *  •  * 

with  selective  coatings  or  redesigned  to  provide  greater  efficiencies  in 

heat  collection  -Storage  with  latent  heai  materials  could  provide 

♦greater'JIeat  'capacity "in  mdre  compact  spacfe,  .and  storage  for  liquid* 

systems  with  direct  contact  .he^tj  exchanger  .to»7l iminatE  .some  hardware^ 

would  improve  system  performance.    If  $ir  conditioning  equipment  using 

'  solar-heated  air  could      dev£l<f>ped,  the  air-heating  solar  systems  could 


be  u^ed 


>d.  throylghou 


t  the  year  fori  heating  and  cool  ing.    These  and  many 


other  future  prospects  are" in. s 


tore  ,ior'  solar  heating  agd  co$$hg  systems 


<5 


OBJECTIVE 


0 


9 


Jhis  module  describes  some  prospective  features  and  Components  in. 

• '  *      *  I  *  '  '  * 

\  solar  h^atin^and  cooling  systems  that  vcould  improve  overall  system  / 
^performance.    The.objecti ve  of , the  trainee  is  to  kfiow,  some  of  the  new 

'  '         '  '  "  580     •  .  ■  V 


features  that -could  become  economical  to  add- to  the  systems  described  in 
thfs  Course  and  to  recognize  that  considerable  research  and  development  * 
•effort  js  being  devoted* to -component  hardware  in. solar  heating  ana  cool- 
ing  systems.  ' 


/  ' 


*    .  .  •  -  ♦  SOLAR  COLLECTOR'S  .         •  •  1  >' 

/  * 

'.;  •*.  '  -  •/ 

The  most  important  component  in  a  s4§ar  system  which  could  imp/ove 
performance  is  the  solar  collector..  Improvements  which  will  increase 
efficiency  of  energy  collection  and  reduce  the  delivered  cq§ts  atfe 
particularly wort^hile*   Among  many  interesting  possibilities  are  the 
addition  of  selective  surfaces  to  absorbers*,  and  collectors  with  the  air 

evacuated  from  around  the  absorber  plates  to  reduce  heat  losses  a'nd 

•      *      ■  / 

/improve  fcollectolr  efficiency*  ■   /:  ,J 

,  *  -  i  « 

.  /  .  ; 

SELECTIVE  SURFACES       *  -  ' 

•^Selective  surfaces  have  high  absorptance  of'solar  radiation,  and 
low  emiltance.-  of  long-wave  radiation.    There  are  a  variety  of  selective 
surface-  lhac  could  be  used  in  flat-plate  cplleQtors,  and  some  are  being 
t£steo  on  experimental  units.    Several  coatings  '$uch  a?  copper  oxide 
and  black  nickel  have  beep  available  for  a  long  time, ^ut  technical 
problems  and  cost  have  limited  their  use*    Black  chromjs  appears  "to  hold 
^sMoX^m^  fhat-plate  collectors  are  presently  available  with 


such  absorber 'coatings .  -Characteristics  of  some  selective  surfaces  are 

.listed  in  Tab.le  22-1.  ,    -  '  * 

i 

.  ! 

< 


5.31 
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Table  22-1 
Selective  Surfaces  Characteristics 


Coating  , 

Absprptance 

Emittance  #  .  •  ■ 

*  Converted  Zinc 

♦    *  * 

'    .  0.90 

"0-071 

0.066  • 

Black  Nickel  * 

•  0.88    .  1 

Black  Chrome 

0.92f 

,  i  i  

0,085 

EVACUATED  TUB!  COLLECTORS  '  „•  J 

*  *  • 

Evacuatiorrof  the  air  around  the  absorber  plate. is  potentially  a 
sigqificant  improvement  in  solar  collectors.    There  are  a  numberUf 
different  designs  that  are  being  assembled  and  tested, -and  at  l^ast  one 
manufacturer  makes  them  in  moderate  quantities.  ^Evacuated  collectors 
will  produce  more  us^fuTheat  than,  standard  flat-plate  collectors  under 
the  same  sun  and  weather  conditions  because  the  losses  from  the  absorber 
are  greatly  reduced,  (  With  a  vacuum  surrounding  the  absorber,  conduction 
and  convection  losses/are  effectively  negligible  and,  if  t\\e  absorber  - 
coating  is  .a  selective  surface,'  the  radiation  losses  sgpll.\ 

One  design,  by  Corning  Glass  Works,  is  shown  in  Figure  2^-1 . 
-Inside  an  evacuated  glass  tube  which  is  four  .inches  in  diameter^s  a 
copper  absorber  plate  with  a  selective  surface*    Bonded  to  the  plate 
is  a  dopper  U-tube  which  carries  the  heat  transfer  fluid.-    The  ends' \  \ 

of  the  tube  protrude  through  one  end  of  the  glass  tube, and  the  absorbed 

f  * 

plate  is  free,  to  expand  toward  the  other  end.  .The  efficiency  range  of 

the'  collector  varies  from  about -75 "percent  when  the  inlet  fluid  tempera- 
ture is  low  to  about  60  percent  when  the  fluid  is  near  the  boiling' 

temperature  of  pater.-  Most  flat-plate  collectors  have  high  efficiency 
with  low- inlet  fluid  temperatures,  but.  have  low  efficiencies  when  the 

fluid  temperature  is.  near  200°F.   The  evacuated  tube  collector  has  a 
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MOLDED  PLASTIC  MOUNTING. 
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Figure  22-1.    Schematic  of  the  Cprning  Glass  Works  Evacua*ted[  Tube 
*  Solar  Col  lector  ' 

-  •     .  nr 
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significant  advantage  when  producing  high  tempera'ttice  heat  to  the  system 
and  can  be  used  effectively  with  solar  cooling  units  where  high  tempera- 
ture  fluid  is  needed;'  , 

Aa  evacuated  tube  collector  design  by  the  Owens-Illinois  Glass  Company 
is  shown  in  Figure  22-2.  'There  are  three  concentric  glass  tubes.with  tfte 
•  intermediate  one  coated  with  a  black  selective  surface.    The  vacuum  is*      .  , 
between  the  outer  and.  intermediate  tubes.    Fluid  is  transported  through 

the  inner  tube"  and,  as  it  passes  through  the  annul  us  in  contact  witb-tbe  

t  • 

absorber  tube,  Jieat*Ls  transferred  from  the  glass  to.  the  fluid. 

i   Twp  other 'evacuated  tgbe  collectors  are  being  experimeotal  ly^  tested, 
\  one  by  the  General  Electric  Company  for  use  in  air-heating  systems  and 

A  ■   h*  v     s  r  • 

another  is  by  the  Philip?  Company  in  West  Germany*  for  liquid  systems. 
Many -variations  in  design  <£f  j&vacxfated  tube  icol  lectors,  are  possible,  : 
ajid  different  designs  will  gradually  advanced  the  practical  stage. 


ERLC 


CONCENTRATING  COLLECTORS  .        ,  *   -  v 

 :   '  •     ^   •  o 

Concentrating  collectors  are  used  when  very  high  temperature  fluid- 
is. needed  to  'drive  heat  engines  or  to  be  used  in  industrial  processes.  ' 
If  concentrating  collectors  can  be  ^designed  to  t}e  more  efficieht  than 
flat-plate,  collectors,  operate  reliably,  and  with  little  maintenance  so* 
that'  the  cost  of  Severing  ^energy  is  low,  thpn- such  collectors  can  have 
potential  uses  in- residential  solar  systems,.    Experience  thusvfar  has 
indicated  otherwise,  but  there  is  considerable  Research  underway  §nd 
jtfew  designs  fkr  concentrating  collectors  are  being  developed. 

One  type  of  low  concentration  collector  is  being  developed  by  the 
Northi;up  Company  and  is  being  tested  on  a  number  of  solar  systems  for 

large  buildings.    A  linear  focusing  collector  with  a^-Fresnel  lens  is  the 

*  ,  i.  ~*  * 

type*  being  developed:  and  is  shown  in  Figure  22-3.    The  dollector  is  * 
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Figure  22-2.    Schematic  of  the  Owens-Illinois  Evacuated  Tube  Solar  Collector' 
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INSULATION 


Figure  22-3.    fresnel  Lens'Strip  Solar  Collector 

mounted  with  the  axis  in  tire  north-south' direction  and  tilted  at  an -angle 
wjth  respect  to  the  horizontal  plane.    The  cbl  lector  rotates  frorfl  east  to 

,  west  during  the  day  so  that  the  direct  Trays  from  thp  sun  are  focused  into 
// the  .absorber  tube.    A, distinct  disadvantage  of  concentrating  collectors 

.  ts*4  that  only  the  direct  rays  frbm  the  sun  are  used,  as  th6  diffuse  radia- 
tion /cannot  b^  focused.  •   -  1 


.  •  Thermal  storage 


Considerable  research  is  being  devoted  toward  the-  util ization  of 

«. 

salt  hydrates  and  other  phase-change  materials %for  storage  of  latent 
*heat.    The  princip^.difficul ties  are  packaging  the  storage  material 
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and  stretp ficatidn  or. separation  of  th$  material  'after  a  few'hundred 
cycles  of 'phase  changes.    One  .advantage  in  the  use  of,  phase  change  ^ 
materials  is  supposedly  the  smaller  storage  volume  required,  as  com- 
pared  to  watfer  or  rocks,/  However,  a  solar  heating  and  cool'ihg  system 
Jrequires.a, water,  volume  of  only  two  gallons  of  water  or  one-half  cubic 
foot  .of  rocks' per  square  foot  of  solar  collector  area, and ,l  in  a  typical 
system  wi,th  500  square  feet  of  collectors,  the  water  volume*  needed  is 
about  1000. gallons  or^out  350  cubic  feet  of  rocks.    When  packaged 
phase-change  material  is  arranged  in. a  container,  with  adequate'surface 
contact  with  the  h^tt  transfer  #fl aid  from  ^he  coll^cto^s *  it  is  .diffi- 
pult  to. achieve  a  significantly  smaller  vo 


ume  pf  storage  -  - 


•-v.Wi^h  proper  materials  there  is,  however,  an  adyantage  in  being 
»'         *    .«     ,   h  4  \  . 

•able  to  obtain  a  sustained  Constant  temperature  of  the  heat  delivered, 

from  storage.    This  property  of  latent  heat  storage  .material s  'can  be, 

\     \  .  « 

used  to  advantage  in'solar  cooling  systems,  both  in  the  hot  storage.  * 

and  cold-storage  tanks.  '  - 

»  *  * 

Another  futare  "prospect  for  storage  of  thermal  energy  is  in 

*  • 

chemfdal  methods.    Chemical  storage  offers  technical  possibilities  • 

that  sensible  and  latent  heat  storage  do  not.  vThdse  possibilities 
include;  (1)  long-term  starage  without  need  for  in^ulatibn  and  without 
thermal  loss,  (2)'  storage      High  energy  density,  and  (3)  recovery  of 
stgred  thermal  energy  at , temperatures  above  or  below  the  original 

*  *  *  *  ^  *  • 

temperatures  Although  no  thermo-chemical'  system  appears  imminent, 

'  s 

"*in  concept  at  least,*  this  methoci  of  storage  'can  have  important     -  1 

applications  in  terms  of  supply  and'demand  and  improving  thermal  , 

*  < 
efficiency..  .  v  ; 
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HEAT  EXCHANGER 


The  disadvantage  of  a  heal:  exchanger  in  present  1  i.qu>d-heating  solar 
systems  is^the  temperature  difference  needed-  to  transfer  the  heat  at -the 
\  heat  exchanger.    A  temperature  difference' of  10  to  20°F  has  a  signifi- 
icant  influence^  cm  the  amount  pf  useful  heat  delv^red  by  the  system.  The 
temperature 'in  storage  is  low  anci  the  collector  efficiency  is  less. 

A  heat  exchanger-storage  combination  unit  is  under  investigation 
where  ^heat  is,  transferred  from  Ikjuid'droplets  that  transport  heat  from 
.the  collector  to  water  in  the  storage  tank.    A  liquid  that  is  immiscible 
'in  water, is  pumped  through  the  solar  collector  and  through  the  storage^ 
tank  as  droglets.    If  the  density  of  the. liquid  is  substantially  different 
from  that  vof  water,  the  liquid  droplets  will  either  rise  or  descend 
through  the  water  in  the  storage  tank.    A  schematic  of  a  heat  exchanger- 

% 

.storage  unit  is  .shown  in  Figure  22-$.    For  the  illustration  shown,  the 
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liquid-  is  heavier  than  water.    The  liquid  is  del iverexi, to  the  top  of 
% the, tank,  is  broken  up  into  droplets  at  the  perforated  plate,  and  collects 
in  the  bottom  cone.    The  temperature  difference  between  the  droplets  and 
the  storage  water  is  only  about  1°F  or  less,  with  substantial  heat  trans- 
fer occurring  across  the  large  collective  area  of  the  draplets.  There 
are-  several  possible  liquids  that  can  be  used  and,  although  not  named, 
their  properties  and  approximate  costs  are  listed  in  Table  22-2.  v 


Table  22-2 
Properties  of- Possible  Collector  Flui'dS 


Fluid""". 

Freezing. 
.  Point 

■       CF)  ' 

Bo  i ling 
Point 
(°F) 

Specific 
Gravity- 

Cost  ,  ' 

_($/gai)  . 

1 

f 

2  ,* 

3'  id- 
4  , 
5 
6 

1      -31  „ 
-  -36 

-31 

-41. 

-27  " 
-13 

•  698 
734" 
644 
568 
415 

770     ' , 

1#6 
1.208 
1.048 
1.120 
"'  1.043 
1,162 

—  €.98 

'  6.91 

3-32  ^ 
3.46~- 

"  itr.45 
8!63 

7 

8 

-76 
-67 

782 
478 

0.927 
0.913 

ii  3.79 
9.80 

SYSTEMS 


At  present  the  only  commercially  available  cooling  unit  in  small 
•size  that;  is  operable  \gith  solar,  energy  is  a  lithium-bromide  absorption 
cooling  unit.1  As  mentioned  elsewhere  in  this  manual,  there  are  a  number 
of  different  experimental  cooling  units  that  are  being  'developed,  such 

the  heat  engine-driven  refrigeration  machine  and  ammonia-water 
continuous  cycle  urfit.  • 
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—    There  is  also  .signi ficant, effort  being  made  in  the  'development  of 
so-called  ttetal  energy  systems ,  ^where  high  temperature  heat  from  solar 
energy  is  used  to  generate  electricity  and  the  low  temperature  "waste" 
heat  is  used, to  heat  and  cool  a  cluster  0/  buildings.    Such  systems  are 
likely  destined  for  special i?$dflise  in  grouped  facilities  such  as  „ 
military  bases  but,  with  some  variation,  may  server  number  of  homes  or 
apa'rWient  complexes.     *:*    *  .-  / 

In  the  long  term,  development  of  photovoltaic  systems  for  residen- 
tial bujfdings  is  a  possibility.    Electricity  that  is  generated-could 
operate  the  heating  ahd  cooling  system  in  the  house^  " 
voltaic  systems  will  ever  be  low  be  competitive  with 

electricity- genarat^tTTrom  fossil  or  nuc^ar  fuels  is  an  open  question, 
-btrtTlu  considerable  amount  of  effort  is  being  devoted  to  improve  efficiency 
and- reduce  the  costs.  .  ^ 

Other  improvements  in  systems  which  utilize  solar  energy  are  hybrid 
systems  consisting  of  passive  as  well  as  active  components.    There  has 
not  been  much  effort  toward  development  of  passive  systems  excepf^by 
architectural  treatment  of  windows. m  While  this  effort  has  been  signifi- 
cant^ more  direct  heating  of  residential  space  with  passive  systems  may 
minimize  the  size  of  the  active  components  and  -thereby  reduce  overall 
costs. 
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